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Guidance reference release 

Ground support equipment 

Grand Turk Island 

Guaymas 

Hawaii 

Holddown Ann . 

Hardware Evaluation Program 

Helium flow control valve 

Honeysuckle (Canberra) 

Inboard engine cutoff 

Iterative guidance mode 

Instrument Program and Ca3ponents 

Inter range instrumentation group 

Instrument Unit 

Kennedy Space Center 

Launch escape system 

Launch escape tower 
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LIEF 

LM 

LOS 

LTA 

LUT 

LV 

LVDA 

LVDC 

MAD 

MCC-H 

MER 

MFV 

MILA 

MLV 

MOV 

MR 

MSC 

MSFC 

MSS 

MTF 

NPSP 

NASA 

OAT 

OCP 

ODOP 

OECO 

OMN I 

Launch Information Exchange 
Facility 

Lunar module 

Loss of signal 

lunar module test article 

Launch umbilical tower 

Launch vehicle 

Launch vehicle data 
adapter 

Launch vehicle digital 
computer 

Madrid 

Mission control center- 
Houston 

Mercury (ship) 

Main fuel valve 

Merritt Island Launch 
Area 

Main LOX Valve 

Main oxidizer valve 

Mixture ratio 

Manned Spacecraft Center 

Marshall Space Flight 
Center 

Mobile Service Structure 
Mississippi Test Facility 

Net positive suction 
pressure 

National Aeronautics and 
Space Administration 

Overall test 

Orbital Correction Program 

Offset frequency doppler 

Outboard engine cutoff 

Omni directional 

PAM/Ftl/FM 

PAFB 

PCM 

PCM/FM 

?MR 

PSD 

PTCS 

PTL 

PU 

RCS 

RED 

RF 

RMS 

RP-1 

RPM 

SA 

SEC 

SLA 

SM 

SMC 

SPS 

SRSCS 

ss 

SSIFM 

STDV 

STP 

sv 

Pulse amplitude 
modulation/frequency 
modulation/frequency 
modulation 

Patrick Air Force Base 

Pulse code modulation 

Pulse code modulation/ 
frequency modulation 

Programned mixture ratio 

Power spectral density 

Propellant tanking computer 
system 

Prepare to launch 

Propellant utilization 

Reaction Control System 

Redstone (ship) 

Radio frequency 

Root mean square 

Designation for S-IC stage 
fuel (kerosene) 

Revolutions per minute 

Service arm 

Seconds 

Spacecraft LM adapter 

Service module 

Steering misalignment 
correction 

Service propulsion system 

Secure range safety command 
system 

Switch selector 

Single sideband/frequency 
modulation 

Start tank discharge valve 

Special Test Pattern 

Space vehicle 

xxxviii 



TlI 

T2I 

TAN 

TDM 

TEL 4 

TEP 

TEX 

TLI 

TMR 

TSM 

TVC 

TV 

UHF 

UT 

VAB 

VAN 

VHF 

WHS 

Time to go in 1st stage IGM 

Time to go in 2nd stage IGM 

Tananarive 

Time division multiplexer 

Cape telemetry 4 

Telemetry Executive Program 

Corpus Christi (Texas) 

Translunar Injection 

Triple modular redundant 

Tail service mast 

Thrust vector control 

Television 

Ultra high frequency 

Universal time 

Vehicle assembly building 
at KSC 

Vanguard (ship) 

Very high frequency 

White Sands 
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MISSION PLAN 

AS-503 was the third flight vehicle (Apollo 8 Mission) of the Apollo-Saturn 
V flight test program. It was to be the first manned Apollo Saturn V 
vehicle with the spacecraft performing the world's first manned circumlunar 
flight. The crew was to consist of Air Force Col. Frank Borman, Navy 
Capt. James Love11 and Air Force Maj. William Anders. 

The space vehicle was to be composed of the AS-503 launch vehicle, Command 
and Service Module (CSM) 103 and a Lunar Module Test Article (LTA-6) in 
place of an operational Lunar Module (LM). Payload weight, exclusive of 
the Launch Escape Tower (LET) was to be approximately 39,010 kilograms 
(87,700 lbm). 

Launch was to be from Launch Complex 39, Pad A at the Kennedy Space Center 
(KSC). Because this was to be a lunar mission, it was necessary for the 
vehicle to ha ?aunched wi.;hin a particular daily launch window within a 
monthly launch window. Part of the constraints were dictated by the desire 
to pass over selected lunar sites with liqhting conditions similar to those 
planned for the later landing missions. Lunar orbit inclination, inclina- 
tion of the free return trajectory, and spacecraft propellant reserves 
were other primary factors considered in the mission design. 

The first monthly window planned for was December 1968 with launch 
dates of December 20th through December 27th. January was planned 
for :9s a backup. Subsequently, it was decided to make the first atte;npt 
on December 21st to have the total available daily window during daylight. 
Targeting for this day was to cause flight over lunar landing site II-P-2 
(2.63 degrees selenographic latitude, 34.03 degrees selenographic longitude). 
The actual window for December 21st lasted from 7:50:22 AM to 12:31:40 PM 
Eastern Standard Time (EST) (4 hours 39 minutes duration). Launch was 
scheduled for 7:Sl .4M EST slightly into the available window. 

The vehicle was to be launched on an azimuth of 90 degrees, then rolled to 
a flight azimuth of from 72 to 108 degrees depending on time of launch. 

The vehicle's mass at launch was to be about 2,782,OOO kilograms (6.134.000 
lbm). The durations of the S-IC and S-II burns were to be approximately 
151 seconds and 366 seconds, respectively. The planned S-IV8 first burn 
was about 156 seconds, culminating in the insertion of the S-IVB and 
spacecraft into a 185 kilometer (100 n mi) circular parking orbit. 
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The total vehicle mass at insertion was to be about 127,500 kilograms 
(281,103 lbm). At 20 seconds after S-IVB first cutoff, the vehicle was to 
align itself with the local horizontal with position I down. This attitude 
was to be maintained through S-IV6 restart preparation. 

Chilldown and reignition sequencing were.to begin over the Indian Ocean in 
preparation for reignition between Hawaii and the Phillipines during the 
second or third revolution (first or second opportunit ). The S-IVB second 
burn, which wds to result in Translunar Injection (TLI 1 , was to have a 
duration of approximately 315 seconds. The total vehicle mass at in- 
jection was to be about 58,800 kilograms (130,000 lbm). The astronauts 
were to initiate separation of the CSM from the S-IVB 25 minutes after 
S-IVB second burn cutoff (start of Time Base 7 [T 1). During the separation, 
the vehicle was to be oriented to provide the lig z; ting necessary for the 
docking maneuver on future flights. 

After spacecraft separation the S-IVB/IU/LTA-6 was to align itself in a 
near retrograde attitude for a sequence in which residual LOX was to be dumped 
through the J-2 engine, and the two APS ullage engines were to be turned on 
to burn to depletion. The LOX dump was to occur between 132 and 137 minutes 
after the cutoff of the S-IVB second burn. The added velocity increment 
ii-on tile propellant dump and ullage burn was to slow the stage down slightly 
to allow it to pass behind the moon. On this slingshot trajectory the 
stage would oick up energy from the moon's gravitational field and enter a 
heliocentric orbit rather than impacting the moon or remaining in an earth 
orbit. 

The CSM dfter separation was to continue on its translunar trajectory for 
about 66 kows. For a nominal mission, the CSM was to perform a Lunar 
Orbit Insertion (LOI) burn to insert into an initial orbit around the moon 
sf approximately 111 by 315 kilometers (60 by 170 n mi). After two 
revolutions in this orbit, a coplanar circularization burn was to be made 
to place the CSM in approximately a 111 kilometer (60 n mi) circular lunar 
orbit. A Transearth Injection (TEI) burn was to be planned near the end of 
rcvolutior 10, or after about 20 hours in lunar orbit, to place the CSM 
on a transearth trajectory. Landing was scheduled in the Pacific Ocean 
about 57 hours later. 

The figure shows the gross profile of the Mission C Prime. 
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FLIGHT TEST SUMMARY 

The first manned Saturn V Apollo space vehicle, AS-503 (Apollo 8 Mission), 
was launched at Kennedy Space Center (KSC), Florida on December 21, 1968 
at 07:Sl:OO Eastern Standard Time (EST) from Launch Complex 39, Pad A. 
This was the third iaunch of a Saturn V Apollo. The nine principle and 
one secondary detailed test objectives were completely accomplished. 

The launch countdown was completed without any unscheduled countdown holds. 
Ground systems performance was highly satisfactory. The relatively few 
problems encountered in countdown were overcome such that vehicle launch 
readiness was not compromised. 

The vehicle was launched on an azimuth of 90 degrees east of north and 
after 12.11 seconds of vertical flight, (which included a small yaw 
maneuver for tower clearance) the vehicle began to roll into a flight 
azimuth of 72.124 degrees east of north. Actual trajectory parameters 
of the AS-503 were close to nominal. Space-fixed velocity at S-IC 
Outboard Engine Cutoff (OECO) was 12.57 m/s (41.24 ft/s) greater than 
nominal. At S-II Engine Cutoff (ECO) the space-fixed velocity was 10.58 
m/s (34.71 ft/s) greater than nominal. At S-IV6 first cutoff the space- 
fixed velocity was 0.44 m/s (1.44 ft/s) greater than nominal. The altitude 
at S-IVB first cutoff has O.U2 kilometers (0.01 n mi) lower than nominal 
and the surface range was 2.61 kilometers (1.41 n mi) greater than nominal. 
Parking orbit insertion conditions were very close to nominal. The space- 
fixed velocity at insertion was 0.01 m/s (0.03 ft/s) less than nominal. 
At translunar injection the total space-fixed velocity was 5.23 m/s 
(17.16 ft/s) less than nominal and the altitude was 3.62 kilometers (1.96 
n mi) hi 
49,631 m /s2 9 

her than nomina 
1 

. C3 (twice the specific energy cf orbit) was 
(534,224 ft /s2) less than nominal. 

All S-IC propulsion systems performed satisfactorily. In general, all 
flight performance data, as determined from the propulsion reconstruction 
analysis, were close to the nominal predictions. At the 35 to 38-second 
time slice, average engine thrust reduced to standard pump inlet conditions 
was 0.73 percent lower than predicted. Average reduced specific impulse 
was 0.11 percent lower than predicted, and reduced propellant consumption 
rate was 0.67 percent less than predicted. Inboard engine cutoff, as 
indicated by engine No. 5 cutoff solenoid activation signal, occurred 
0.03 second later than predicted. Outboard engine cutoff, as indicated 

c 
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by outboard engines No. 1, 2, 3, and 4 cutoff solenoid activation signals 
occurred 2.42 seconds later than predicted. An outboard engine LOX low 
level cutoff was predicted, but a combination of propellant loading errors 
and, to a lesser extent, a fuel-rich mixture ratio resulted in a fuel low 
level initiated cutoff. 

The S-II propulsion system performed satisfactorily during the entire 
flight. Engine thrust at 61 seconds after Engine Start Comnand (ESC), was 
0.0; percent above predictlon. Total engine propellant flowrate was 0.38 
percent above and specific impulse 0.34 percent below predictions at this 
time slice. Average engine mixture ratio was 0.69 percent above predicted. 
Engine No. 4 evidenced a change in performance level at approximately 200 
seconds after S-II ESC of approximately -6672 Newtons (-1500 lbf) thrust. 
At this time the exact nature of this shift has not been determined but is 
receiving additional investigatiar. The pressure gauges in the S-II stage 
propulsion system and the accelerometers at certain structural locations 
showed oscillations during the latter portion of S-II powered flight. 
Oscillations of about 18 hertz were evident in engine No. 5 (center engine) 
parameters beginning a t approximately 450 seconds. Amplitude of the center 
engine oscillations began increasing at about 478 seconds. An 18 hertz 
response in the S-II crossbeam region peaked at 482 seconds which showed 
a like trend of amplitude and frequency to that of the center engine 
chamber pressure. Accelerations were at much smaller amplitudes in the 
outboard engines at 18 hertz and chamber pressures were in the noise level. 
Accelerations were noted in the spacecraft flight data of approximately 
9 hertz peaking at 493 seccrdr and another of approximately 11 hertz peaking 
at 5lC seconds. Chamber pres ,ures were well within the noise level for 
these two frequency trends. Engine No. 5 experienced a thrust level decrease 
of about 27,050 Newtons (6081 lbf) and propellant mixture ratio change of 
-0.1 units coincident with the cnset of the high amplitude 18 hertz 
oscillations. The oscillations dampened out about 4 seconds prior to S-II 
engine cutoff. Although the results of the evaluation are not conciusive, 
it appears that the oscillations were induced by the LOX pumps and 
possibly amplified by the center engine support structure. Self-induced 
LOX pump oscillations may be related to the low Engine Mixture Ratio (EMR) 
and low Net Positive Suction Pressure (NPSP) existing during this time 
period, although the NPSP is considerably above the level at which self 
driven oscillations are normally produced. Engine and pump tests to 
investigate this possibility are being conducted at the engine manufacturer's 
test facility and at Huntsville. A recomndation to increase LOX tank 
ullage pressure for the latter portion of the S-II burn by commanding the 
LOX regulator full open at S-II ESC + 98.6 seconds is being implemented 
for G-504. Engine cutoff, as sensed by the Launch Vehicle Digital Computer 
(LVPC), was at 524.04 seconds, with a burn time only 0.42 second longer 
than predicted. 

The IVB J-2 engine operated satisfactorily throughout the operational 
+?.a,r2 0.f :: rst and second burn with normal shutdowns. S-IVB first burn 

xliv 



time was 156.69 seconds which was 2.11 seconds less than predicted. The 
engine performance during first burn, as determined from standard altitude 
reconstruction analysis, deviated from the predicted ESC + 80-second time 
slice by +O.Ol percent for thrust and +0.04 percent for specific impulse. 
The S-IV6 stage first burn EC0 was initiated by the LVDC at 684.98 seconds. 
The Continuous Vent S stem (CVS) adequately regulated LH2 tank ullage 
pressure at 13.4 N/cm 1 
(02/H2) Burner, 

(19.5 psia) during orbit, and the Oxygen/Hydrogen 
in its first flight operation, satisfactor'ly achieved 

LH2 tank repressurizatioh for restart. Repressurization of the LOX tank 
was not required. Engine restart conditions were within specified limits. 
The restart at full open Propellant Utilization (PU) valve position was 
successful and there were no indications of overtemperature conditions 
in the gas generator. S-IVB second burn time was 317.72 seconds which 
was 2.07 seconds longer than predicted. The engine performance during 
second burn, as determined from the standarL' altitude reconstruction 
analysis, deviated from the predicted ESC + 80-second time slice by -0.03 
percent for thrust and +0.28 percent for specific impulse. The S-IVB 
stage EC0 was initiated by the LVDC at 10,555.U seconds. Subsequent 
to second burn, the stage propellant tanks were safed satisfactorily, with 
sufficient impulse being derived from the LOX dmp to impart 20.4 m/s 
(66.9 ft/s) to stage velocity. This slowed the vehicle down and was a 
major contributory factor toward avoiding lunar impact and establishing a 
solar orbit. The instrumentation added to this stage to monitor the 
effectiveness of the engine's Augmented Spark Igniter (ASI) line modifica- 
tion showed no indications of line failure on this engine. Special 
instrumentation add:d to the cold helium system to detect any leakage in 
the system indicated that no leakage was observed on AS-503. Sphere 
temperature and pressure data likewise indicated no leakage. 

The hydraulic systems on all stages performed satisfactorily throughout 
the flight. 

The structural loads and dynsmic environment experienced by the AS-503 
launch vehicle were well within the vehicle structural capability. Vehicle 
loads, due to the combined rigid body and dynamic longitudinal load and 
bending moment, were well below limit design values. Vehicle dynamic 
characteristics followed the trends established by preflight analyses. 
The POGO suppression system apparently performed well, as the first mode 
frequency of the outboard LOX suction ducts was lowered to approximately 
2 hertz as predicted, and there was no evidence of an unstable coupled 
thrust-structure-feed system oscillation (POGO) during S-IC powered flight. 
Fin bending and torsional modes compared well with analytical predictions. 
On previous flights the fin vibrations exceeded the range of the 
accelerometers. On AS-503 the measurement range was increased and the 
measured vibration levels remained within range and below design values 
at all times. No fin flutter occurred. S-IC stage vibrations were generally 
as expected except at the heat shield. The shield flight vibration environ- 
ment, measured for the first time on AS-503, was considerably higher thJn 
expected. This high vibration may have contributed to the loss of M-31 
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insulation. S-II stage and S-IVB stage environmental vibrations were also 
generally as expected considering the fact that certain measurements were 
relocated and improved measurement systems were used. The S-IVb stage AS1 
lines dynamic strains measured in flight were within the range of similar 
data recorded during static firing. Instrument Unit vibrations compared 
favorably with those of previous Saturn V flights. 

The guidance and navigation system performed satisfactorily during all 
periods for which data are available. The boost navigation and guidance 
schemes were executed properly and terminal parameters were very good for 
both parking orbit and transiunar injection. The vehicle trajectory 
exhibited a slightly flatter altitude profile than that predicted in the 
operational trajectory. Analysis reveals that the most probable cause 
was the vehicle state vector at Iterative Guidance Mode {IBM) initlation 
being different than predicted. At S-IC CECO, the vehicle altltudk was 
less than predicted and the velocity was greater. The resulting optimum 
fuel usage trajectory determined by the LVDC flight program was predictable 
and resulted in satisfactory end conditions. 

The ST-124M-3 inertial platform and associated e?ectronjc equipment per- 
formed as expected. Telemetry from the LVDC indicated that Inertial 
reference was still being maintained at 25,420 seconds (7:03:40). The 
accelerometer loop signals indicated that the accelerometers correctly 
measured vehicle acceleration throughout the flight. 

The AS-503 Flight Control Computer (FCC), Thrust Vector Control (TVC), and 
Auxiliary Propulsion System (APS) satisfied all requirements for vehicle 
attitude control during boost and orbital control modes. Vehicle-tower 
clearances during liftoff were satisfactory with less than 25 percent of 
the available margins utilized. To improve S-IC outboard engine out 
characteristics, the FCC control outputs to the F-l engines were blased to 
provide a E-degree outboard cant beginning at 20.64 seconds. S-iC/S-II 
first and second plane separations were satisfactory, resulting in minimum 
disturbance to the control system. S-II/S-IVB separstlon was nomlnal and 
caused only small attitude disturbances. Control system activity during 
first and second S-IVB burns was nominal. Following CSM separatlon the 
launch vehicle maintained a frozen inertial attitude until 6541 seconds 
after second cutoff, when the vehicle was commanded to the "slingshot" 
maneuver attitude (180 degrees pitch, 0 degree yaw, and 180 degrees roll 
attitudes relative to local horizontal). This attitude was inertially 
held through the maneuver. At approximately 19,556 seconds the S-IVB ullage 
engines were ignited to provide additional AV for the 'WIngshot" maneuver. 
Ullage engine No. 2 propellant depleted at 20.288.56 seconds, aged engine No. 
1 depletion occurred at 20.314.00 seconds. 

In general, all AS-503 launch vehicle electrical systems performed 
satisfactorily. The power profiles of all stages were normal and all 
stage and switch selector commands were properly executed. The only 
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deviations or out-of-tolerance conditions noted during the flight were 
intermittent operation cf 3 temperature bridge power supplies on the S-II 
stage (two of these suppiles were affected for approximately 30 seconds 
through maximum dynamic pressure [Max Q] and the third for app+oximately 
30 seconds starting at low PU step) and the S-IVB aft 5 volt excitation 
module dropped below the mitjimum of 4.975 vdc from approximately 9410 
to 10,691 seconds. 

Data indicated that the redundant Secure Range Safety Command Systems 
(SRSCS) on the S-IC, S-II, and 5-IVB stages were ready to perform their 
functions properly on command if flight conditions during tha launch 
phase had required vehicle destruct. The system properly safed the S-IVB 
SRSCS on command from KSC. The performance of the Command and Comunica- 
tions System (CCS) in the IU was sntisfactory, 

The Emergency Detection System (EDS) performance was nominal; no abort limits 
were reached. The AS-503 EDS configuration was essentially the same as 
AS-502 except that the presence of the crew provided the capability for 
EDS manual abort and there was a display of launch vehicle tank pressures 
in the spacecraft. 

The vehicle internal, external, and base region pressure environments were 
cjenerally in good agreement with the predictions aild compared well with 
previous flight data. The pressure environment was well below design 
levels. The measured acoustlc levels were generally in good agreement with 
the liftoff and inflight predictlons , and with data from previous flights. 

The vehjcle thermal environment was generally less severe than that for 
which the vehicle was designed. As on the previous fllghts, M-31 insulation 
was lost from the heat shield but caused no problems. 

The S-IC canister conditionfng system and the aft envlronmental condition- 
ing system performed satisfactorily during the AS-503 countdown. The S-II 
thermal control and compartment conditlontng system malntalned temperatures 
within the design limits throughout the prelaunch operations. The IU 
Environmental Control System (ECS) performed well throughout the flight. 
Coolant temperatures, pressures, and flowrates remained within the predlcted 
ranges and design limits for ,the first 3 hours of avallable flight data. 

The AS-503 launch vehicle data system consisted of 2670 active flight 
measurements, 21 telemetry links, onboard tape recorders, film and television 
cameras, and tracking. With the exception of the onboard fllm cameras, 
all data system elements performed very satisfactorily. However, only one 
of the four S-IC film cameras was recovered. The performance of all 
vehicle telemetry systems was excellent. The last usable VHF data were 
received by the Guaymas and Texas statlons from telemetry links CF.1 and 
CP-1 at 15,660 seconds (4:21:00). Performance of the Radio Frequency (RF) 
system was satisfactory. Measured flight data, wl th few exceptions, 
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agreed favorably with expected trends. Final loss of RF carrier signals 
after trans'unar injection were as follows: VHF telemetry was last 
received by Guaymas at approximately 23,230 seconds (8:07:10); CCS was 
lost by Guaymas at approximately 44,357 seconds (12:19:17), and the C-Band 
radar transmission was last received by Grand lurk Island (GTI) at 
approximately 21,325 seconds (5:55:25). Ground camera coverage was good as 
evidenced by 81.5 percent system efficiency. The onboard television (TV) 
systems performed satisfactorily and provided useful data. 

xlviii 



SECTION 1 

INTRODUCTION 

1.1 PURPOSE 

This report provides the Natlonal Aeronautics and Space Administration 
(NASA) Headquarters , and other interested agencies, with the launch 
vehicle evaluation results of the AS-503 flight test. The basic objective 
of flight evaluation Is to acquire, reduce, analyze, evaluate and report 
on flight test data to the exknt required to assure future misslon suc- 
Cess and vehicle reliability. To accomplish this objective, actual flight 
malfunctions and deviations must be identified, their causes accurately 
detewnlned, and complete information made available so that corrective 
actlon can be accomplished within the established flight schedule. 

1.2 SCOPE 

This report presents the results of the early engineering flight evalua- 
tlon of the AS-503 launch vehicle. The contents FX? centered on the 
performance evaluation of the major launch vehicle systems, with special 
emphasis on failures, anomalies, and deviations. Srwrmaries of launch 
operations and spacecraft performance are included for completeness. 

The official MSFC position at this time is represented by this report. 
It will no: be followed by a slmllar report unless continued analysis or 
new information should prove the conclusion presented herein to be 
significantly incorrect. Final stage evaluation reports will, however, 
be published by the stage contractors. Reports covering majo:- subjects 
and special subjects wlll be published as requlred. 
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SECTION 2 

EVENT TIMES 

2.1 SUMMARY OF EVENTS 

Range zero time, the basic time reference for this re art, is 7:51:00 
Eastern Standard Time (EST) (12:51:00 Universal Time e UT]). This time is 
based on the nearest second prior to S-IC tail plug disconnect which 
occurred at 7:51:00.67 EST. Range time is calculated as the elapsed time 
from range zero time and reflects the time at which the event occurred at 
the vehicle, plus the time necessary to transmit the data from the vclllcle 
to the ground stations. Figure 2-l shows transmission delays plotted 
versus range time. Unless otherwise noted, range time is used throughout 
the report.' 

Guidance Reference Release (GRRJoccurred at -16.97 and start of Time Base 
1 (Tl) occurred 17.64 seconds later at 0.67 second. These tfmes were 
established by the Digital Events Evaluator (DEE-6), except for the time 
from GRR to Tl which was determined by the Launch Vehicle Digital Computer 
(LVDC). 

Range time for each time base used in the flight sequence program and the 
signal for initiating each time base are presented in Table 2-1. 

Start of T was initiated approxlmately 2.45 seconds later than predicted 
by a fuel 7 eve1 sensor cutoff rathe:r than the expected LOX level sensor 
cutoff. Reasons for the longer than expected S-IC burn time and fuel level 
cutoff are dlscussed In Sactlon 5 of this document. 

Start of T4 was approximately 2.85 seconds later than predicted due to a 
coWnatIon of the late S-IC Outboard Engine Cutoff (OECO) and a longer 
than expected S-II burn as discussed in Section 6 of this documen.t. 

Start of T5 was approximately 1 second later than predicted. A shorter 
than predicted S-IVB burn, as discussed In Section 7, resulted In reducing 
the effect of the prolonged burns of the lower stages, 

Start of T6 and T7 were withln nominal expectations for these events. 

T was lnltlated at spacecraft separation detectlon by discrets input 
D# 4, and upon completion proper return to T7 was accomplished. 
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Flgure 2-1. AS-503 Transmission Mlay Time 

A sunmary of significant events for AS-503 is given In Table 2-2. The 
actual-minus-predlcted times l&ted In this table in the time-from-base 
columns are not all IU connsnded switch selector functions, and deviations 
are not to be construed as failures to meet specified switch selector 
tolerances. The evtqts associated with guidance, navlgatlon, and control 
have been Identified as being accurate to within a major computstlon cycle 
time or accurate LO cithin t 0.5 second (see Table 2-2). 

The spacecraft separ-ltlon sequence was manual1 inltlated at 12.056.3 
seconds, and physical separation was accomplis x ed 3 seconds later at 
12,059,3. The 3-second interval between lnltiation of the sequence and 
actual separation wes engendered by a &second tjmer which inhlblted the 
separation initiation signal to the separation pyrotechnics. A parrllel 
Inftlation signal, iirhibited by a 30-m!lllsecond timer, was sent to the 
Instrument Unit (IU) digital events register. 

2.2 SEQUENCE $F EVENT" 

Table 2-3 lists: the seq;ance of switch selector events, Terminology in 
this table agr&ss with tne tenninology in docunent 40M33623C "Interface 
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Table 2-1. lime Base Sumnrry 

TIME BASE 

TO -16.97 

Tl 0.67 

T2 

T3 

T4 

f 5 

125.88 

153.82 

524.04 

685.19 

T6 9659.54 
(2:40:59.54) 

T7 

GA 

10.555.73 
(2:55:55.~73) 

12.057.70 
(3:20:57.70) 

Spacecraft Separation Sensed by 
LVDC 

RANGE TIME 
SEC 

(HR:MIN:SEC) 

. -  . - . - - -  F - - -  . - - - e .  w-w 

SIGNAL START 

Guidance Reference Release 

IU Umbilical Disconnect Sensed 
by LVDC 

WC KC0 Command by LVDC 

S-X? OECO Sensed by LVDC 

S-II EC0 Sensed by LVDC 

:;;;B EC0 (Velocity) Sensed by 

Restart Equation Solution 

;;EB ECQ (Velocity) Sensed by 

Control Definition of Saturn SA-503 Flight Seguence Program". The times 
reported are accurate to within 10 milliseconds. Ten events, including 
S-II engine start@ were not verified because of telemetry dropout during 
WC/S-II staging, although subsequent events indicate that these events 
did in fact occur. Additionally, some orbital events and some events 
after translunar injection were not verified because of station visibility 
constraints and loss of data due to flight perturbations. Probeble times 
for these events were calculated from the flight program and ark so 
identified in the table. 

Table 2-4 lists the known switch selector events which were issued during 
flight but were not programed for specific times. The water coolant valve 
open and close switch selector commands were issued based on the condition 
of two thermal switches in the Environmental Control System (ECS). The 
outputs of these switches were sampled once every 300 seconds beginning at 
480 seconds; and a switch selector connnand was issued to open the water 
valve if the sensed temperature ~a% too high and close the water valve if 
the temperature waf"too Tow. 
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This table also contains the special sequence switch selector events which 
were programmed to be initiated by telemetry statior? acquisition. The 
issuance of these commands assured telemetry calibration data while the 
vehicle was in range of the station. 
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Table 2-2. Significant Event Times Sunnary 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Guidance Reference 
Release 

S-IC Engine Start 
Sequence Command 

Range Zero 

All Holddown Arms 
Released 

First Motion 

IU Umbilical Dis- 
connect Start of 
'Time Base 1 (Tl) 

Begin lower 
Clearance Yaw 
Maneuver 

End Yaw Maneuver 

Begin Pitch and Rol' 
Maneuver (Tilt and 
Roll) 

S-IC Outboard Enginc 
Cant, ON 

Begin Second Segmenl 
of Pitch Poly- 
nomial 

End Roll Maneuver 

Mach 1 Achieved 

Begin Third Segment 
of Pitch Polynomial 

Maximum Dynamic 
Pressure (Max Q) 

Begin Fourth Segment 
of Pitch Polynomial 

Computer Switch 
Point 1 CJmand 

1 RANGE TIME 1 TIME FROH BASE 

EVENT 
ACTUAL ACT-PRED ACTUAL 

SEC SEC SEC 

-16.97 -0.05 

-8.89 -0.09 

0.0 0.0 

0.27 -0.06 

0.33 0.0 

0.67 -0.05 

-17.64 

-9.56 

-0.67 

-0.98 

-0.04 

11 

1.76' 0.04 1.09' 0.09 

9.72' 0.00 9.05' 0.05 

12.11" 1.28 11.44' 0.04 

20.64 -0.08 19.97 -0.03 

26.03' -1.43 25.3611 0.31 

31.52* 1.19 30.85' 0.65 

61.48 0.90 60.81 0.81 

70.23* -1.85 69.56' 0.51 

78.90 

100.29+ 

105.64* 

2.82 

-2.43 

-0.08 

78.23 

99.62f 

104.97* 

2.23 

-0.43 

-0.03 

*CI;PCRED 
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Table 2-2. Significant Event Times Sumnary (Continued) 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

(HR:MIN:SEC) 

18. Computer Switch 120.62 -0.10 119.95 -0.05 
Point 2 Comnand 

19. Start of Time Base 125.88 -0.04 T2 - 
2 ITpI 

20. S-IC Inboard Engine 
Cutoff Conmnand 125.93 D.01 0.05 0.05 
(IECO) 

21. End Pitch Maneuver 145.50* -0.96 19.62* -0.88 
(Tilt Arrest) 

22. S-IC Outboard 153.82 2.45 T3 - 
Engine Cutoff (OECO: 
(Sensed by LVDC), 
Start of Time Base 
3 (T3) 

23. S-II Ullage 154.29 2.42 0.47 -0.03 
Ignition Command 

24. S-IC/S-II Separa- 154.47 2.40 0.65 -0.05 
tion Cormand to 
Fire Separation 
Devices and Retro 
Motors 

25. S-IC Retro Motor 154.56 2.39 0.64 -0.07 
Burn Time Initia- 
tion (Thrust 
Buildup Begins) 

26. S-II Engine Start 155.19 2.42 1.37 -0.03 
Comnand (ESC] 

27. S-II Ignition (STDV 156.19 2.42 2.38 -0.03 
0 ens) (Average of 
5 P 

28. S-II Engine at 90 158.47 2.70 4.65 0.24 
Percent Thrust 
(Average of 5) 

29. S-II Ullage Motor 158.34 1.97 4.52 3.22 
Burn Time Termina- 
tion (75 Percent 
Thrust) 

--m 
' AfC*rbl* to mIlkIn f 0.1 l.CWQ. 
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Table 2-2. Significant Event Times Sumnary (Continud) 

EVENT 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

S-II High Engine 
Mixture Ratio (EMR) 
(5.5) Comnand 

S-II Second Plane 
Separation Collrnand 

Launch Escape Tower 
(LET) Jettison 

Initiation of IGM 
Phase 1 

Steering Misalign- 
ment Correction 
(SMC) Turn On 

Computer Switch 
Point 3 Command 

Computer Switch 
?oint 4 Command 

S-II Low EMR (4.5) 
Command 

Stop First Phase 
IGM and Initiate 
IGM Phase 2 

End of Artificial 
Tau Mode 

Begin Chi Freeze, 
End IGM Phase 2 

S-II Engine Cutoff 
(ECO) (Sensed by 
LVDC), Sttirt of 
Time Base 4 (T4) 

S-IJB Ullage Motor 
Ignition Command 

S-II/S-IVB Separa- 
tion Cotnnand to 
Fire Separation 
Devices and Retro 
Motors 

RANGE TIME 

ACTUAL 
SEC 

(H~MIN:sEc) 

160.67 

XT-PRED 
SEC 

2.40 6.85 

TIME FROM BASE 

ACTUAL 1 ACT-PRED 
SEC SEC 

184.47 2.40 30.65 

188.6 1.03 34.78 

196.22* 3.39 42.40* 

214.47** 0.64 60.65* 

215.17 2.40 61.36 

345.20 

443.45? 

2.43 

2.42 

4.0? 

191.38 

289.62' 

443.65* 289.83' 

484.25*+ 

513.12 

524.04 

6.17 

0.04' 

2.85 

524.78 

524.90 

2.89 

2.91 

330.4F 

359.30' 

T4 

0.74 

0.86 

-1.42 

0.98 

1.28 

0.06 

2-7 



Table 2-2. Significant Event Times Sunmwy (Continued) 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

(H~MINzSEC) 

44. S-II Retro Motor 524.98 2.98 0.94 0.13 
Burn Time Initiation 
(Thrust Buildup , 
Begins) 

45. LVDC S-IVB Engine 525.00 2.81 0.95 -0.G5 
Start Sequence 
Comr,and 

46. S-IVB Engine 528.29 3.10 4.25 0.25 
Ignition (STDV Open) 

47. S-IVB Engine at 530.53 2.84 6.49 -0.01 
90 Percent Thrust 

48. End Chi Freeze; 532.87* 4.04 11.68* 5.18 
Initiate Third 
Phase IGM 

49. S-IVB Ullage Case 536.80 2.81 12.76 -0.04 
Jettison Command 

50. End Artificial Tau 540.01+* 2.43 18.82** 2.32 
Mode 

51. Iri tiate SMC 543.02** -0.81 17.97** 2.97 

52. Initiate First Chi 6F2.87* 3.29 131.68* 0.47 
Bar Steering 

53. Initiate Chi Freeze, 6il.60* 0.39 156.41 -3.10 
End Third Phase IGM 

54. S-IVB Velocity Cut- 684.98 0.99 f5-0.21 I -0.01 
off Command (ECO) 

55. S-IVB Engine Cutoff 685.19 1.00 
Sensed by LVDC, 

T5 - 

Start of Time Base 
5 (T5) 

56. S-IVB APS Ullage 685.46 u.97 0.27 -0.03 
Motor No. 1 Command 

57. S-IVB APS Ullage 685.60 1,Ol 0.40 0.00 
Motor No. 2 Command 

58. Parking Orbit 694.98 0.99 9.78 -0.D2 
Insertion 

59. Begin Orbital 785.19* 0.98 lOO.OO* 0.0 
Navigation 



Table 2-2. Significant Event Times Summary (Continued) 

I-’ RANGE TIME 1 TIME FROk1 BASE 1 
EVFNT 

60. 

61. 

62. 

63. 

64. 

55. 

56. 

57. 

j8. 

i9. 

10. 

'1 . 

'2. 

'3. 

'4. 

Initiate S-IVB F.- 
start Sequence ajd 

t 
tart of Time Bzse C 
T6) 

S-AVR Helium Heater 
On Command 

S-IVB LH2 Vent valve 
Close Command 

S-IVB APS Ullage 
Motor No. 1 Ignition 
Command 

S-IVR APS Ullage 
Motor No. 2 Ign.lI;ion 
Comnand 

S-IVB Helium Heater 
Off Command 

LVDC S-IVB rngine 
Restart Comnand 

S-IVB APS Ullage 
Motor No. 1 Cutoff 
Command 

S-IVB APS Ullage 
Motor No. 2 Cutoff 
Command 

S-IVB Engine Re- 
ignition (STDV Open) 

S-IVB Engine at 90 
Percent Thrust 

Out of Orbit IGM 
Initiation 

Initiate SMC 

Flight Control 
Computer Switch 
Point 6 Command 

S-IV6 Velocity Cut- 
off Command (ECO) 

ACTUAL 
SEC 

9659.54 0.71 T6 

9700.80 41.25 -0.05 

9701.72 

?0,155.82 

0.67 

0.69 

0.69 

42.17 -0.03 

496.27 -0.03 

10.155.91 O.u8 496.36 -0.04 

10,160.80 0.67 

10,229.51 0.68 

10,232.49 0.66 

501.25 -0.05 

569.97 -0.03 

572.95 -0.05 

10.232.59 0.66 573.05 -0.05 

10.237.79 

10,24C.C2 

10.245.83' 

10,253.ST 

10.497.49 

1.16 

0.89 

578.25 -0.455 

580.48 0.18 

2.50 586.31+ 1.97 

-6.80 594 .or 2.51 

0.66 837.95 -0.05 

10,555.51 ) 3.23 '7-0.21 -0.01 

1 ACT-PRED ACTUAL ACT-PRED 
SEC SEC SEC 



Table 2-2. Significant Event Times Summary \Continum!! 

EVENT 

75. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

S-IV6 Engine Cutoff 
Sensed oy LVDC, 
Start of Time Base i 
(T7), Begin Orbital 
Guidance 

S-IVB LH2 Vent Valve 
Open Comartd 

Translunar injection 
Start Local Hori- 
zontal Attitude 
Maneuver, Begin 
Orbital Navigation 

S-IVB LH2 Vent Valve 
Close Comnand 

Start Maneuver for 
Separation Attitude 

Spacecraft Separa- 
tion Sequence Start 

Start of Time Base 
5A (T5A) 

Flight Control 
Computer Switch 
Point No. 5 Cotmnand 

L'J-LTA/CSM Separa. 
tier 

Start Slingshot 
Attitude Maneuver 

Begin Slingshot Mode 
(LH2 Vent Valve 
Open Command) 

Apply Siingshot AV 
(Helium Control 
Valve Open Command 
for !-OX Dump) 

RANGE TIME TIME FROM BASE 

ACTUAL 
SEC 

(HR:MIN:SEC) 

10,555.73 3.25 T7 

10.556.19 3.41 0.47 

10,565.51 3.23 9.78 

10,575.77* 3.29 20.05* 

11.455.71 

11,458.40+ 

12,056.3 

12.057.70 

12,057.85 

12,053.3 3.82 503.S8 0.58 

17,096.63* 

17.756.02 

18.476.03 

ACT-PREC ACTUAL ACT-PRED 
SEC SEC SEC 

2.93 899.95 

-2.06 902.64* 

3.82 500.58 

T5A 

5A*15 

4.15 

3.54 

3,35 

540.92* 

'200.15 

920.15 

-0.03 

-0.02 

0.05 

-0.05 

-5.34 

0.58 

-0.05 

0.92 

-0.05 

-0.05 
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Table 2-2. Significant Event Times Sumnary (Continued) 

ne 

ne 

ne 

T RANGE TIME T TIME FROM SASE 

EVEPIT 

68. End Propellant Dump 
(Mainstage Control 
Valve Close Comand 

B9. S-IVB Ullage Engine 
No. 1 on Chnand 

30. S-IVB Ullage Engi 
No. 2 on Comnand 

31. S-IVB Ullage En$i 
No. 2 Depleted 

32. S-IVB Ullage Engi 
No. 1 Depleted 

ACTUAL 
SEC 

(HR:MIN:SEC) 

18,776.03 

19,555.85 

19,556.06 

20,288.56 

20.314.00 

ACT-PRED ACTUAL ACT-PRED 
SEC SEC SEC 

3.55 

3.37 

3.38 

8 I 8 
9 

9 

9 

I 

1220.15 

1999.96 

'000.17 

1732.83 

~758.27 

-0.05 

-0.04 

-0.03 
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Table 2-3. Sequence of Switch Selector Events 

FUNCTION 

1. Liftoff - Start of Time Base 1 IT11 

2. Sensor Bias. ON 

3. Multiple Engine Cutoff, ENABLE 

4. SIC Outboard Engines Cant, ON "A" 

5. S-IC Outboard Engines Cant, ON "8" 

6. ;-ii Outboard Engines Cant, ON "C" 

1. Telemeter Calibrate. ON 

8. Telemetry Calibrator In-Flight Cali- 
brate, ON 

9. Telemeter Calibrate. OFF 

0. Launch Vehicle Engines EDS Cutoff, 
ENABLE 

1. Telemetry Calibrator In-Flight 
Calibrate. OFF 

2. Fuel Pressurizing Valve No. 2 Open + 
Tape Recorder. RECORD 

3. START Data Recorders 

4. Cooling System Electronic Assembly 
Power. OFF 

5. Telemetry Calibrator In Flight 
Calibrate. C!i 

6. Telemetry Calibrator In-Flight 
Calibrate. OFF 

7. Fuel Pressurizing Valve No. 3. OPEN 

8. Fl tght Control Cwuter Switch 
Point No. 1 

9. Telemeter Cali+ate, 04 

0. Flight Control Computer Switch 
Point No. i 

1. Telemeter Calibrate. OFF 

2. Fuel Prwsuriring Valve No. 4. OPEN 

3. Tape Remrder Record, ON 

4. LOX Tank Strobe Lights, OFF 

,TAGl 

IU 

IU 

IU 

IU 

s-IC 

IU 

SIC 

IU 

IU 

s-IC 

S-II 

IU 

IU 

IU 

S-IC 

IU 

S-IC 

IU 

s-IC 

S-K 

IU 

s-IC 

RANGE TIM 

Mfuu 
(SEC) 

0.67 

5.63 

14.63 

20.42 

20.64 

20.82 

24.62 

0.0 

4.95 

13.95 

19.75 

19.97 

20.15 

23.95 

27.64 26.97 

29.62 28.95 

30.62 29.95 

32.64 31.97 

50.12 49.45 

74.63 73.96 

75.63 74.95 

90.64 89.97 

95.64 94.97 

95.P4 95.27 

105.64 104.97 

115.75 115.07 

120.62 119.95 

120.73 120.06 

124.12 123.45 

124.43 123.75 

124.72 i24.05 

ACT-PRED 
SEC 

0.0 

-0.05 

-0.05 

-0.05 

-0.03 

-0.05 

-0.05 

-0.03 

-0.05 

-0.05 

-0.03 

-0.05 

-0.04 

-0.n5 

-0.03 

-0.03 

-0.03 

-0.03 

-0.03 

-0.05 

-0.04 

-0.05 

-0.05 

-0.05 
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Table 2-3. Sequence of Switch Selector Events (Contfnued) 

I FUNCflO)( STAG 

25. 

26. 

27. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

0. 

i. 

2. 

& 

3. 

4. 

5. 

6. 

S-IC Two En Ines Out Auto-Abort 
Inhibit, B EN BLE 

S-IC Two Engines Out Auto-Abort 
INHIBIT 

Excess Rate (P, V, R) Auto-Abort 
Inhibit, ENABLE 

Excess Rate (PI Vr R) Auto-Abort 
Inhibit and Switch Rata Gyros SC. 
IWDICATIO)( "A" 

Two Adjacent Outboard Engines Out 
Cutoff, ENABLE 

START of Tlmc.Base 2 

(Id 

Inboard Engine Cutoff (IECO) 

Inboard Engiv Cutoff, BACKUP 

START Flr%t PAM-FM/FM Callbratiom 

Auto-Abort Enable Relays, RESET 

Excess Rate (Rull) Auto-Abort 
Inhibit, ENABLE 

Excess Rate (Roll) Auto-Abort 
Inhibit and Switch Rate Gyros SC. 
INDICATIW "B" 

STOP First PAM-FM/FM Calibration 

S-II Ordnance, ARM 

Separation and Retro No. 1 EBW Firing 
Units, ARM 

Separation and Retro No. 2 EBY Firing 
Units. ARM 

Tel-try Measurement, SWITCHOVER 

Separation Camera, ON 

O-Ball Power, OFF 

Outboard Engines Cutoff, ENABLE 

Outboard Engines Cutoff Backup. ENABLE 

IU 

IU 

IU 

124.93 124.26 -0.04 

125.13 124.45 -0.05 

125.33 124.66 -0.04 

IU 

f-IC 

125.53 124.B5 -0.05 

125.73 i25.06 -0.04 

s-IC 

s-IC 

S-II 

IU 

125.88 0.0 0.0 

125.93 0.05 0.05 

126.03 0.15 -0.05 

126.23 0.35 -0.05 

126.45 0.57 -0.03 

IU 126.63 0.75 -0.05 

IU 

5-11 

S-II 

126.81 

131.23 

141.14 

0.96 

5.35 

15.86 

-0.04 

-0.05 

-0.M 

MC Ml.93 l6.D9 -0.05 

i-IC 142.14 16.26 -0.01 

i-IC ! 14.93 19.05 -0.05 

i-It 145.13 19.25 -0.05 

IU 145.23 19.35 -0.05 

L-IC 145.33 19.45 -0.05 

i-IC 145.64 IS.66 -0.04 

153.62 0.0 

6AsE 
ACT-PREO 

SEC 

0.0 
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Table 2-3. Sequence of Switch Selector Events (Continued) 
- 

WA 
FUNCftUN 

- 

47. LH2 Tank High Pressure Vent Mode s-1 

40. S-II LH2 Recirculation Punqts. OFF s-1, 

49. S-II Ullage, TRIGGER s-1: 

50. S-IC/S-II Separation (No. 1) S-Ii 

51. SIC/S-II Separation (No. 2) s-11 

52. S-11 Engines Cutoff, RESET s-11 

53. Engines Ready, BYPASS s-11 

54. Prevdlves Lockout. RESET S-11 

55. Switch Engine Control To S-J1 and S-IC 
Outboard Engine Cant, OFF "A" IU 

56. S-It Outboard Engines Cant. OFF "8" IU 

57. S-11 Engine. START 5-11 

58. S-11 Engine Out Indication "A", ENABLE 
S-11 AFT Interstage Separation Indlca- 
tion "A". ENABLE IU 

59. S-11 Engine Out Indication "B", ENABLE 
S-11 AFT Interstage Separation Jndlca- 
tion "8". ENABLE IU 

i0. Engines Ready Bypass, RESET i-11 

il. Measurement Transfer lbde Position "9" i-IV 

i2. S-II Hydraulic Accumulators. UNLOCK i-11 

i3. PU System Open loop, ARM i-11 

i4. Chilldown Valves. CLOSE i-Ii 

i5. S-11 Start Phase Limiter Cutoff, ARM i-11 

i6. High (5.5j Engine Mixture Ratio, ON i-11 

i7. S-II Start Phase Limiter Cutoff, 
ARM RESET i-11 

i8. Pmevalvee Close, ARM i-11 

i9. Tape Re:order Record, OFF :LJ 

'0. STOP Data Recorders i-11 

'1. S-II AFT Interstage Separation L-11 
- 

*Derived times verified that these events occurred. 

2-14 

153.90 0.08 

154.OU 0.18 

154.29 0.47 

154.47 0.65 

154.57 0.75 

lS4.69. 0.87. 

154.79. 0.97* 

154.89, 1.07* 

154.99. 

155.99* 

155.19. 

155.29, 

155.49 1.67. 

155.69. 1.97. 

155.79' 1.97* 

156.78 2.95 

159.99 6.17 

160.17 6.35 

160.50 6.67 

160.67 6.85 

161.50 7.67 

161.60 7.78 

165.47 11.65 

165.69 11.87 

lB4.47 30.65 

ACT-PRED 
SEC 



Table 2-3. Sequence of Switch Selector Events (Continued) 

FUNCTION 

72. 

73. 

Water Coolant Valve, OPEN 

Flight Control Computer Switch 
Point No. 3 

74. 

75. 

76. 

START Second PAM-FY/FM Calibration 

STOP Second PAM-FM/FM Calibration 

Flight Control Computer Switch 
Point No. 4 

77. Telemetry Calibrator In-Flight 
Calibrate, ON 

73. Telemetry Calibrator In-Flight 
Calibrate, OFF 

79. Measurement Control Switch No. 2. 
ACTIVATE 

80. 

01. 

82. 

83. 

84. 

START Third PAY-FM/FM Calibration 

STOP Third PAM-FM/FM Calibration 

High (5.5) Engine Mixture Ratio, OFF 

Low (4.5) Engine Mixture Ratio. ON 

Teletwetry Calibrator In-Flight 
Calibrate. ON 

85. Telemetry Calibrator In-Flight 
Calibrate, OFF 

86. S-11 Lti2 Step Pressurization 

87. Charge Ullage Ignition. ON 

88. S-II/S-TV8 Ordnance. ARM 

89. Tape Recorder Record, ON 

90. START Data Recorders 

91. S-11 LOX Depletion Sensors Cutoff. ARM 

92. S-11 LH,? Depletion Sensors Cutoff, ARM 

93. START of Time Base 4 (T4) 

94. Cutoff S-II J-2 Engines, BACKUP 

95. START Recorder Timers 

96. hu.UUbm OFF 
u Variable switch selector consnrnd Issued 

and is a function of the fllght program. 

MY 
whet 

ST&G 

1U 184.77 30.95 

ACT-PRtO 
SEC 

-0.05 

1U 215.17 61.36 -0.04 

S-11 278.78 124.96 -0.04 

s-11 283.77 129.95 -0.05 

1U 345.20 191.38 -0.02 

IV 356.49 202.67 -0.03 

IU 361.49 207.66 -0.04 

s-11 366.49 212.66 -0.04 

s-1; 378.78 224.96 -0.04 

S-11 383.78 229.96 -0.04 

s-11 443.2oc' 289.42@r -0.03 

S-11 443.4v 289.6%' -0.04 

1U 444.69 290.87 -0.03 

IU 

S-Ii 

S-IV 

s-11 

1U 

s-11 

S-11 

S-If 

s-?I 

s-11 

449.68 295.05 -0.05 

453.78 299.96 -oar 

404.99 331.17 -0.03 

485.18 331.36 -0.05 

406.09 332.26 -0.04 

486.27 332.45 -0.05 

488.68 335.05 -0.05 

469.08 335.26 -0.04 

524.04 0.0 0.0 

524.13 0.00 0.08 

524.22 0.10 0.08 

m two 



fable 2-3. Sequence of Switch Selector Events (Contlnwd) 

8mE TIN trn Fm em 

FURCTIOR ST AGL ACTUU MmM. 
(SW (SEC) %TEO 

97. S-IVB Engine Cutoff, OFF s-Ive 524.41 0.36 0.06 

98. LOX Tank Flight Pressure Systcnr, ON s-w s24.50 0.46 O.% 

99. Engine Ready, BVPASS S-IVB 524.59 0.55 0.05 

100. LOX Chilldown Pump, OFF S-IV8 524.69 0.64 0.04 

101. Fire Ullage Ignition, ON s-IW 524.78 0.74 0.04 

102. S-II/S-IVB -Separation S-II 524.90 0.86 0.06 

103. S-IVB Englne Start, ON s-Ive 525.06 0.95 -0.05 

104. Flight Control Canputer S-IVB Bum 
Mode, ON "A" IU 525.21 1.16 -0.04 

'05. FIJhto:on;rol Computer S-IVB Burn 
II II . IU 525.30 1.26 -0.04 

'06. Fuel Chllldoun Pvmq, OFF s-m 526.22 2.1P -0.03 

07. S-IVB Engln Out Indlcetlon "A", 
ENABLE IU 526.52 2.47 -0.03 

'08. S-IVB Engtw Out Indlcatim "B", 
ENiiaLE 1U 526.70 2.65 -0.05 

09. Fuel Injection f~eratun OK, BVPASS S-IVB 528.01 3.96 -0.04 

10. S-IVB Engine Start. OFF s-m 528.20 4.15 -0.05 

11. Flrst Bum Reley, OIS S-N@ 529.60 5.75 -0.05 

12. Charge Ullage Jettison, ON S-IV6 533.80 9.75 -0.05 

13. Fire Ullrge Jettison, OR S-IV8 536.80 12.76 -0.04 

14. Ullrge Chrrglng, RESET s-IVB s37.60 13.75 -0.05 

15. Ullage Firing, RESET S-11 536.02 13.97 -0.03 

16. Fv&Injection T-return OK Bypass, 
S-IV6 538.20 14.15 -0.05 

17. Tape Recorder Record, OFF IU 538.42 14.37 -0.03 

18. Telemetry Celtbrrtor In-Flight 
Calibrate, bll IU 540.82 16.77 -0.03 

19. Tolmty Calibrrtor In-Flight 
Callbrrto, OFF IU 545.Bo 21.75. -0.05 

20. ~o;xchenger Bypess V11wr Centml, 
l s -m 548.02 23.97 -0.03 
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Table 2-3. Sequence of Switch Selector Events (Contfnued) 

li3. 

124. 

125. 

126. 

12t. 

128. 

123. 

130. 

131. 

t32. 

133. 

134. 

135. 

136. 

137. 

138. 

139. 

140. 

41. 

42. 

43. 

44. 

In-Flight Calibration Ho&. On 

TM Calibrate, ON 

TM Calibrate. OFF 

In-Flight Callb,ation Mode, OFF 

Engine Punp Purge Control Valve, 
ENABLE CW 

S-IVB Enjlne Cutoff Velocity 

Velocity Cutoff of S-IVB Engine 
START 0 

S-IVB Engine Cutoff 

hi!lt LCYPI SenSOr, DlSAf@!ING 

5-IVR Ullagc Engine No. 1. ON 

S-IVB Ullage Engine No. 2. ON 

S-IV8 Ullage Thrust Present 
Indication. ON 

First Burn Relay. OFF 

LOX Tank Flight Pressure System, OFF 

LOX Tank Pressurltation Shutoff 
Valves. CLOSE 

Flight Control Conputer S-IVB Burn 
Mode, OFF "A" 

Flight Control Carnputer S-IVB Bum 
Mode. OFF "8" 

hx. Hydraulic P~lnp FlQht Mode. OFF 

Teleewtry Calibrator In-Fltpht 
Calibrate, ON 

S/C Control of Saturn, ENABLE 

In-Flight Callbratiw M. ON 

TM Callbratr. ON 

Telacllatry Calibrator In-Flight 
Calibrate. OFF 

IU 685.77 0.58 

s-IVB 685.94 0.75 

s-Ive 686.35 l.lb , 

5-M 686.57 1.37 

, S-ItiB 686.74 1.55 

Ill 1 688.65 3.46 

IIJ 688.86 3.67 

5-IVB 689.24 4.05 

IU 689.34 4.15 

IU 698.16 4.97 

i-IVB 691.65 6.46 

i-IVB 695.14 6.95 

I IU 694.34 9.15 

2-17 

STAt 

- 

S-Iv1 

S--1Vl 

S-IVI 

f-IVI 

549.71 25.66 

550.21 26.17 

s55.22 31.17 

555.70 31.65 

S-IV1 678.42 -6.78 

s-Ivl 684.98 -8.21 

s-Ivl 685.19 0.0 

s-IVI 685.28 0.09 

S-M 685.37 0.18 

5-IVB 685.46 0.27 

S-IV! 685.60 0.48 

-0.04 

-0.03 

-0.03 

-0.85 

0.22 

-0.01 

8.0 

-0.01 

-0.02 

6.03 

0.00 

-0.02 

-8.05 

-8.04 

-8.03 

-0.05 

-0.D4 

-0.03 

-0.05 

-0.05 

-0.03 

-0.04 

-0.05 

-0.05 



Table 2-3. Sequence of Switch Selector Events (Continued) 

FUMCTION STAB 

145. S-IV8 Engine Out Indication "A". 
ENABLE RESET 

146. S-IVB Engine Out Indication "B". 
ENABLE RESET 

147. S-l RF Ass&ly Power, OFF 

148. Tape Recorder Playback Reverse. ON 

149. TM Calibrate. OFF 

150. In-Flight Calibration Mode, OFF 

151. Single Sideband FM Transmitter, OFF 

152. LH2 lank Continuous Vent Orifice 
Shutoff Valve, OPEN Cw 

153. LH2 lank Continuous Vent Reliet 
Override Shutoff Valve, OPEN ON 

154. LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF 

155. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve Open, OFF 

156. Tape Recor& Playback Reverse, OFF 

157. S-IVB Ullage Engine No. 1. OFF 

158. S-IVB Ullage Engine No. 2. OFF 

159. S-IVB Ullage Thrust Present 
Indication. OFF 

160. PU Inverter and DC Power. OFF 

161. Engine Punp Purge Control 'Jalve 
Enable. OFF 

162. Aux. Hydraulic Punp Fl'ybt Mode. ON 

163. Aux. Hydraulic Pwp Flight Mode, OFF 

164. PU Inverter and DC Pwer. ON 

165. Aux. Hydraulic P?!mp Flight Rode. ON 

166. Aux. Hydraulic Pump Flight Mode. OFF 

167. Begin Restart Preparations - START 

168. S-IVB Restart Alert, ON 

) Derived time, event not verified. 

IU 695.14 9.95 

IU 695.38 10.19 

IU 695.54 10.36 

IU 696.45 11.26 

S-IVE 697.16 11.97 

S-IVE 697.65 12.46 

s-IVE 707.14 21.95 

s-IVB 744.15 58.96 

S-IVB 744.28 59.09 

s-IVE 746.15 60.95 

S-I% 746.25 61.05 

IU 767.25 82.05 

S-IVB 772.18 86.99 

S-IVB 772.26 87.06 

IU 772.35' 87.15' 

s-IVB 1185.15' 499<95' 

S-IVB 1287.75' 602.55' 

S-IVB 3285.15' 2599.95 

s-Iv6 3333.15 2647.95 

S-IVB 5655.15 4999.95 

S-IVB 6085.15 5399.95 

S-IVB 6133.17 5447.95 

9659.54 

IIJ 9659.63 

0.0 

0.08 

TIE I 
mw 
(SEC) 

must 
ACT-PRED 

SEC 

-0.05 

-0.01 

-0.05 

-0.04 

-0.03 

-0.04 

-0.05 

-0.04 

-0.01 

9.05 

-0.05 

-0.05 

-0.01 

-0.04 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

0.0 

-0.02 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

. 
FURCTIOR 

169. 

170. 

171. 

172. 

173. 

174. 

175. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

54. 

as. 

86. 

87. 

88. 

89. 

90. 

91. 

S/C Control of Saturn, DISABLE 

In-Flight Calibration Mode. ON 

Telemetry Calibrator In-Flight 
Calibrate. ON 

TM Calibrate. ON 

Tel-try Calibrator In-Flight 
Calibrate, OFF . 

TM Calibrate, OFF 

In-Flight Calibration Mode. OFF 

S-IVB Engine Cutoff, OFF 

Single Sideband FM Transmitter. ON 

LH2 Tank Vent and Latching Relief 
Valve Boost, CLOSE ON 

LOX Tank Vent and NPV Valves Boost. 
CLOSE OR 

S-IVB Restart Alert, OFF 

LH2 Tank Vent and Latchtng.Relief 
Valve Boost Close. OFF 

LOX Tank Vent and NPV Valves Boost 
Close, OFF 

Repressurization S stem Mode 
Selector. OFF (lue J 

Burner Lti2 Propellant Valve. OPEN ON 

Burner Exciters. ON 

Burner LOX Shutdown Valve, OPEN OR 

LHZ Tank Continuous Vent Valve. CLOSE 
ON 

Burner LH2 Propellant Valve Open. OFF 

Burner LOX Shutdown Valve Open, OFF 

LHz Tank Continuous Vent Valve Close. 
OFF 

Burner Exciters, OFF 

92. Burner Automatic Cutoff Svstera. ARN 

STM 
MIJM ACT-Pm 
(SEC) SEC 

Ill 

S-IV1 

Rm8E TIU 

$?I$ 

9659.79 

9660.50 

0.25 

0.96 

IU 9660.69 1.15 

S-IV1 9660.90 1.36 

IU 9665.69 6.15 

s-w 9665.91 6.36 

S-IV! 9666.50 6.95 

S-IV! 9669.50 9.95 

s-IVE 9670.00 10.45 

S-NE 9695.81 3E.26 

5-IVB 9696.00 36.45 

IU 9696.81) 37.25 

LIVE 9697.80 38.25 

i-IVB 9698.00 38.46 

i-IVB 9700.62 41.08 

i-IV6 9700.80 41.25 

kIVB 9701.10 41.55 

i-IV6 9701.50 41.96 

i-IVB 9701.72 42.17 

i-IVB 9702.30 42.76 

i-IVB 9703.02 43.47 

;-IVB 9703.70 

;-IVB 97D4.90 

AYE 9107.51 

44.15 

45.35 

47.96 

-0.05 

-0.04 

-0.05 

-0.04 

-0.05 

-0.04 

-0.05 

-0.05 

-0.05 

-0.04 

-0.05 

-0.05 

-0.05 

-0.04 

-0.02 

-0.03 

-0.05 

-0.04 

-0.03 

-0.04 

-0.03 

-0.05 

-0.05 

-0.04 
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Table 2-3'. Sequence of Switch Selector Events (Continued) 

FUNCTION 

193. 

194. 

195. 

196. 

197. 

198. 

199. 

200. 

!Ol. 

!02. 

!03. 

E04. 

!O!i . 

336. 

!07. 

108. 

!09. 

!lO. 

!ll . 

!12. 

!13. 

!14. 

!lS. 

LH2 Tank Repressurization Control 
Valve, OPEN ON 

LOX lank Repressurization Control 
Valve, OPEN ON 

Aux. Hydraulic Punp Flight Mode. OR 

LOX Chilldoun Pump, ON 

Fuel Chilldown Pump, ON 

Prevalver. CLOSE ON 

In-Flight Calibration Mode, ON 

Telemetry Calibrator In-Flight 
Calibrate, ON 

TM Calibrate. ON 

Telemetry Calibrator In-Flight 
Calibrate, OFF 

TM Calibrate. OFF 

In-Flight Calibration Mode, OFF 

Second Burn Relay, ON 

PU Valve Hardover Position, ON 

S-IVB Restart Alert, ON 

S-IVB Ullage Engine No. 1. OR 

S-IVB Ullage Engine No. 2. ON 

S-IVB Ullage Thiust Present 
Indication, ON 

LOX Tank Repressurization Control 
Valve Open. OFF 

LH2 Tank Repressurization Control 
Valve Open, OFF 

Burner LH2 Propellant Valve, CLOSE ON 

Burner Automatic Cutoff System, 
DISARM 

;$;a$ Continuous Vent Valve, 

STAGI 

- 

s-y 9707.65 48.10 

s-IW 9707.82 48.27 

S-IV1 9878.52 218.97 

S-IV8 9900.50 248.95 

S-IV8 9913.50 2i3.95 

s-IVB 9918.52 258.97 

s-IVE 10.05g.50 399.95 

IU 

s-IVE 

10.05g.72 

10.059.% 

400.17 

400.35 

IU 10.064.72 405.17 

s-IVB 10864.90 405.33 

s-IVB 10.065.50 405.95 

s-IVB 10.109.50 4i9.06 

s-IVB 10.109.60 450.05 

IU 10,153.10 493.55 

s-IVB 10.155.82. 496.27 

S-IVB 10.155.g1 496.36 

IU 10.156.00 496.45 

S-IVB 10.156.10 496.55 

S-IVB 

S-IVB 

10.156.20 496.65 

10,156.#) 496.75 

10.156.51 

10.156.69 

496.96 

497.E 

M!IE 

MT-PREI 
SEC 

0.M 

-0.03 

-0.03 

-0.05 

-0.05 

-0.03 

-0.05 

-0.03 

-0.05 

-0.03 

-0.05 

-0.05 

-0.04 

-0.05 

-0.05 

-0.03 

-0.04 

-0.05 

-0.05 

-0.05 

-0.05 

-0.04 

-0.05 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

216. Repressurization System Mode Select, 
ON (Am) S-IV6 10.157.10 497.56 -0.6 

217. LH2 Tank Contbwous Vent Valve 
Close, OFF S-IV8 10.158.72 4%.li -0.0: 

218. Burner LH2 Propellant Valve Close. 
OFF S-Iv8 10.159.32) 499.75 -O.O! 

219. LOX lank Repressurization COntrOl 

Valve, OPEN ON s-IVB 10.159.51 499.96 -0.a 

220. Burner LOX Shutdown Valve, CLOSE 
ON S-IV8 10.160.80 561.25 -o.O! 

221. ;;&ner LOX Shutdown Valve ClOSe. 
S-IV0 10.163.80 504.25 -O.O! 

222. LH2 lank Repressudzation Control 
Valve, OPEN ON S-IV8 10.179.52 519.97 -0.0: 

223. Prevalves Close, OFF 

224. S-IV8 Restart Alert, OFF 

225. Engine Ready, BYPASS 

226. Fuel Chilldam Purp, OFF 

227. LOX Chflldoun Pump, OFF 

220. S-!VB Engine Start, ON 

229. S-IVB Ullage Engine No. 1. OFF 

230. S-Ml Ullage Engine No. 2. OFF 

!31. S-IVB Ullaga Thrust Present 
Indication, OFF 

!32. W-ILEngine Out Indication "A". 

!33. LOX Tank Repressurization Control 
Valve Open, OFF 

134. S-IVB Engine Out Indication "6". 
ENABLE 

136. Flight Control Computer S-IVB 
Bum Me, ON "A" 



Table 2-3. Sequence of Switch Selector Events (Continued) 

n8M 
ACT-PREO 

SEC 

Flight Control ConOuter S-IVB Burn 
Mode, ON "B" 

Fuel Injection Temperature OK. BYPASS 

LOX Tank Flight Pressure System, ON 

LOX Tan;: Pressurization Shutoff 
Valves, OPEN 

S-IVB Engine Start, OFF 

PU Valve Hardover Position, OFF 

Fuel Injection Temperature OK Bypass. 
RESET 

Flight Control Computer Switch Point 
No. 6 

Second Burn Relay. 0FF 

S-IVB Velocity Cutoff 

RANGE TM TM F 

FUNCTION MlJM ACTUAL 
(SEC) (SEC) 

IU 10.237.30 577.76 

S-IN 10.237.49 577.95 

s-IVE 10.237.71 578.17 

S-IVE 10.237.89 578.35 

S-IV8 10,238.ll 578.57 

s-IVE 10.242.49 582.95 

j-IVE 10.247.50 587 -96. 

tu 10.497.49 837.95 

S-IV6 10.509.51 849.97 

i-IVB 10.551.51 -0.21 

10.555.73 0.0 

i-IV8 10.555.81 0.09 

i-IVB 10.556..9 0.46 

i-IVB 10.556.32 0.60 

i-IV8 10.556.42 0.69 

i-IVB 10.556.51 0.79 

;-IVB 10.556.63 0.91 

;-IVB 10.556.72 1.00 

I-IVB 10.556.85 1.13 

;-IVB 10.556.95 1.22 

;-IVB 10.558.19 2.46 

;-IVB 0.558.29 2.56 

S-IVB Engine Cutoff, BACKUP 

LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON 

Lti2 Tank Continuous Ve;rt Relief 
Override Shutoff Valve. OPEN ON 

LOX Tank NPV Valve, OPEN ON 

LH2 Tank Latching Relief Valve, OPEN 
ON 

Point Level Sensor. DISARMING 

LOX Tank Pressurization Shutoff 
Valves. CLOSE 

-0.04 

-0.05 

-0.03 

-0.05 

-0.03 

-0.05 

-0.0) 

-0.05 

-0.03 

-0.01 

0.0 

-0.01 

-0.04 

0.00 

-0.01 

-0.01 

0.01 

0.00 

LOX Ta..k Flight Pressure System, OFF o.c3 : 

Second Burn Relay. OFF 

LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF 

LH2 Tank Continuous Vent Relief 
Override Shutoff Valve Open. OFF 

c.2 

-0.04 

-0.04 

237. 

238. 

239. 

240. 

241. 

242. 

243. 

244. 

245. 

246. 

247. 

248. 

249. 

250. 

251. 

252. 

253. 

254. 

?55. 

256. 

257. 

258. 
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Table 2-3. Sequence of Switch Selector Events (Contihued) 

FUNCTION 

259. 

260. 

261. 

262. 

?63. 

!64. 

?65. 

!66. 

?67. 

?68. 

!69. 

!70. 

!71. 

!72. 

!73. 

!74. 

!75. 

176. 

177. 

178. 

179. 

180. 

LOX lank NPV Valve Latch, OPEN UN S-IV1 

LH2 Tank Latching Relief Valve 
Latch. ON S-IV1 

Flight Control Computer S-IV8 BLrn 
Mode. WF "A" 

LOX Tank NPV Valve OPM. OFF 

IU 

s-IVI 

LH2 Tank Latching Relief Valve Open, 
OFF S-IV1 

Flight Control Coquter S-IV8 Burn 
Mode, OFF "8" 

Aux. Hydraulic Pmp Flight Mode. OFF 

LOX lank NPV Valve Latch OFen. OFF 

IU 

s-IVI 

S-I# 

LH2 lank latching Rellcf Valve latch, 
OFF 

S/C Control Of Saturn. ENABLE 

S-IV8 Engine Out lndicatlon "A" 
Enable, RESET 

S-IVE 

IU 

IU 

S-IVE Engine Out lndlcation "B" 
fnable. RESET 

Single Sideband FM Transmitter. OFF 

LOX lank NPV Valve, OPEN ON 

LOX lank NPV Valve Open, OFF 

LOX Tank Vent and NPV Valves Boost, 
CLOSE ON 

LOX Tank Vent and NPV Valves Boost 
Close, OFF 

LH2 Tank Latching Relief Valve. OPEN 
ON 

;$:a;; Continuous Vent Valve, 

LH2 Tank Latching Relief Valve Open, 
OFF 

LH2 Tank Continuous Vent Valve 
Close, OFF 

LH2 Tank Vent and Latching Relief 
Valve Boost. CLOSE UN 

IU 

s-IV@ 

S-IV@ 

s-IVB 

S-IV0 

S-WE 

s-IW 

s-IVE 

s-IVB 

LIVE 

;-IVE 

t Derived time, event not verified. 

STAG E 

B 

B 

3 

3 

3 

I 

I 

I 

I 

I 

I 

I 

I 

I 

/ 

RANGE TIM! 

ACTW 
(SEC) 

10.558.38 2.65 

10.558.48 2.75 

10.559.28 3.55 

10.559.38 3.65 

10.559.58 3.78 

10.559.60 3.87 

10.559.80 4.07 

10.560.39 4.66 

10.560.49 

10360.70 

10.565.69 

10.S65.88 

10.580.68 

10.705.39' 

10.70639' 

l0.709.39' 

lO.711.39' 

4.76 

4.97 

9.96 

10.15 

24.95 

149.65' 

150.65 

153.65' 

155.65' 

11.454.69 18.95 

ll.455.51 

~1.455.71 

1.457.51 

1.458.72 

899.75 

899.95 

901.73 

902.96 

TIM F#n WE 

KTW ACT-PREC 
(SEC) stc 

-0.05 

-0.05 

-0.05 

-0.05 

-0.02 

-0.03 

-0.03 

-0.04 

-0.04 

-0.03 

6.04 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-o.qs 

-0.04 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

Rua flrn Tt)IE FROMBASE 

FURCTl(m 
STA6E :z 

KnlM ACT-PRED 
(SEC) (SEC) 

304. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve. OPEN ON S-IVB 17;756.13 7200.26 -0.04 

305. s-IVB Engine EDS Cutoff NO. 2. DISABLE S-IVB 17.756.31 7200.45 -0.05 

306. LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF S-IVB 17.758.02 : 7202.15 -0.05 

307. Lti2 Tank Continuous Vent Relief 
Override Shutoff Valve Open, OFF S-IVB 17.758.12 7202.25 -0.05 

308. Aux. Hydraulic Punp Flight Mode, ON S-IVB 18.445.82 7BB9.95 -0.05 

309. Passivation. ENABLE S-IVB 18.46582 7989.95 -0.05 

310. Engine Mainstage Control Valve. 
OPEN ON S-IVB 18.475.82 7919.95 -0.05 

Ill. Engine He Control Valve, OPEN ON S-IVB 18.476.03 7920.15 -0.05 

112. Start Bottle Vent Control Valve, 
OPEN ON S-IV8 18.505.82 7949.95 -0.05 

113. Start Bottle Vent Control Valve 
Open, OFF S-IVB 18.655.83 8099.95 -0.05 

114. Engine Punp Purge Control Valve, 
ENABLE ON S-11'8 18.745.83 8169.95 -0.05 

115. Engine Mainstage Control Valve 
Open, OFF S-IVB 18.776.03 8220.15 -0.05 

116. Engine He Control Valve Open. OFF S-IVB 18.776.23 8220.35 -0.05 

117. Aux. Hydraulic Pmp Flight Mode, OFF S-IVB l8,778.B3 8222.95 -0.05 

118. LOX Tank NPV Valve, OPEN ON S-IV8: 18.779.03 8223.15 -0.05 

119. LH2 Tank Latching Relief Valve, 
OPEN ON S-IVB 18.779.23 8223.35 -0.05 

120. LOX Tank NPV Valve Latch, OPEN ON S-IVB 18.781.03 8225.15 -0.05 

'21 . LH2 Tank Latching Relief Valve Latch, 
ON S-IVB 18.781.23 8225.35 -0.05 

122. LOX Tank NPV Valve Open, 3FF S-IVB 18.782.03 8226.15 -0.05 

123. LH2 Tank Latching Relief Valve Open, 
OFF S-IVB 18.782.23 8226.35 -0.05 

124. LOX Tank NPV Valve Latch Open, OFF S-IV8 18.783.03 8227.15 -0.05 

125. LH2 Tank Latching Relief Valve 
Latch. OFF S-IVB 18.783.23 8227.35 -0.05 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RmE wn TM mm BASE 

FUMCTIOW STAGE cv;'Iw 
Er (SEC) 7:;y 

326. Repressurization System Hode Select, 
OFF (MB) S-IVB 18.783.43 8227.55 -O.O! 

327. LH2 lank Repressur?tatlon Control 
Valve. OFEN ON S-IVB 18.783.63 B227.75 -O.O! 

328. S-IV8 Ullage Engine No. 1. ON S-IVB 19.555.85 8999.96 -O.OA 

329. S-IV8 Ullage Engine No. 2. DN s-IVB 19.556.06 9m.17 -0.0: 

330. CCS Coax, iWITCH, High Galn Antenna IU 19.635.85 9079.96 -0.04 

331. PCH Coax, WITCH, High Gain Antenna IU 19.636.06 9DBo.17 -0.03 

332. Repressurization System Mode Select. 
ON IN) S-IVB 21,783.d 11.227.16) -0.04 

333. LH2 Tank Repressurization Control ' 
Valve Open, OFF s-lvq 21.983.68' 11.427.7: -0.04 

334. Engine He Control Valve, OPEN ON s-IVBj 21.9B3.88' 11.427.gd -0.01 

335. Engine Pump Purge Control Valve, 
ENABLE OFF S-IVB 22.265.88' 11.709.9d -O.o( 

336. Engine He Control Valve Open, OFF s-IVB 22.283.88' 11.727.4 -0.04 

337. Passivation, DISABLE 
9 

s-IVB 22.284.88' 11.728.96 9.01 

t Derived time. event not verified. 
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Table 2-4. Variable lime and Conmwded 
Switch Selector Events 

EVENT STAGE RANGE TIW FROM 
TIME BASE 
(SEC) (SEC) 

Inflight Calibration Mode, ON S-IV6 5362.57 T5+4677.36 

Telemetry Calibrator In-Flight IU 5362.77 
Calibrate, ON 

T5+4677.56 

TM Calibrate, ON s-IVB 5362.97 T5+4677.76 

Telemetry Calibrator In-Flight IU 5367.77 
Ca?ibrate, OFF 

T5+4682.56 

TM Calibrate, OFF S-IVB 5367.97 T5+4682.76 

In-Flight Calibration Mode, OFF S-I VB 5368.57 T5+4683.36 

Telemetry Calibrator In-Flight IU 8955.90 
Calibrate, OFF 

T5+8270.70 

TM Calibrate, OFF S-IV6 8956.10 T5+8270.90 

In-Flight Calibration Mode, OFF S-IVB 8956.70 f5+8271.50 

In-Flight Calibration Mode, ON S-IVB 9650.72 T5+8965.52 

Telemetry Calibrator In-Flight IU 9650.93 T5+896S.72 
Calibrate, ON 

TM Calibrate, ON S-I VB 9651.13 T5i8965.92 

Telemetry Calibrator In-Flight IU 9655.91 
Calibrate, OFF 

T5+8970.70 

TM Calibrate, OFF S-NE 9656.11 T5+8970.90 

In-Flight Calibration Mode, OFF S-IVB 9656.71 T5+8971.50 

Spacecraft Control of Saturn, ENABLE S-IV8 9659.79 T5+8974.59 

PCM High Gain Antenna, SWITCH IU 10,497.49 T6+837.95. 

Water Coolant Valve, OPEN IU 13,102.83 T7+2547.04 

Water Coolant Valve, CLOSED IU 13.403.47 T7+2847.68 
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Table 2-4. Variable Time and Comanded 
Switch Selector Events (Continued) 

EVENT 

Water Coolant ;iai.+e, OPEN 

Water Coolant Valve, CLOSED 

Water Coolant Valve, OPEN 

Water Coolant Valve, CLOSED 

PCM Low Gain Antenna SWITCH 

CCS Low Gain Antenna SWITCH 

PCM Low Gain Antenna SWITCH 

CCS Low Gain Antenna SWITCH 

PCM Low Gain Antenna SWITCH 

CCS Low Gain Antenna SWITCH 

Water Coolant Valve, OPEN 

Water Coolant Valve, CLOSED 

PCM Low Gain Antenna Switch 

PCM Low Gain Antenna SUITCH 

CCS Low Gain Antenna SWITCH 

STAGE 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

RANGE 
TIME 
(SEC) 

16,711.39 

17,012.39 

18,214.08 

18.515.00 

19,096.57 

19.096.67 

19.096.79 

19.096.86 

19JB7.96 

19,098.03 

20.017.78 

20.318.32 

2lJ77.86 

21,179.03 

2lJ79.12 

7InE FROM 
BASE 
(SEC) 

T7+6155.5) 

T7+6456.53 

T7+7658.21 

Tp7959.12 

T7+8540.69 

T7+8540.79 

T7+8540.90 

T7+8540.97 

Tp8542.08 

Ty8542.15 

T7+9461.89 

T7+9762.42 

T7+10,621.95 

T+0,623.12 

T7+10,623.21 
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SECTION 3 

LAUNCH OPERATIONS 

3.1 SUMMARY 

The launch countdown for AS-503 was completed with no holds or siqilificant 
delays encountered. Ground systems performance was hiqhly satisfactory. 
The relatively few problems encountered in countdown were overcome such 
that vehicle launch readiness was not compromised. 

Launch damage to the complex and support equipment was minor. Blast damaae 
appears to be less than that encountered on AS-501 and AS-502. 

3.2 PRELAUNCH MILESTONES 

The launch vehicle checkout started at Kennedy Space Center (KSC) with the 
arrival of the S-II-3 stage December 26, 1967. At that time the fliqht of 
AS-503 in early May was to be unmanned, utilizing boilerplate BP-30 in lieu 
of an operational spacecraft. By mid April virtually all testinq in the 
Vehicle Assembly Building (VAB) had been completed. Final oreparations 
to move to Pad A were held pending comoletion of the AS-502 fliqht test 
data analysis and the AS-503 manned/unmanned decision. The decision was 
received April 27, 1968 that the AS-503 flight would be manned and that 
CSM-133/LM-3 would be used instead of BP-30. Man-rating the S-II-3 staqe 
which involved an addi?ional cryogenic proof oressure test at Mississiopi 
Test Facility (MTF) was required. This test was successfully comoleted 
May 30, 1968 and the stage was returned to KSC June 27, 1968. Testing of 
the complete launch vehicle was again started in mid August, 3 l/2 months 
after destacking. 

The LM-3 testing started June 11, 1968, but after 2 months of testing, it 
appeared doubtful that the Lunar Module (LM) would be ooerationally ready 
to support the planned launch readiness date of early December. Therefore, 
the decision was made August 19, 1968 that the Lunar Module Test Article 
(LTA-B) would be substituted for LM-3. Following satisfactory checkout, 
the spacecraft was erected atop the launch vehicle October 8, 1968 and the 
space vehicle was transferred to the oad October 9, 1968. Checkout ooeration 
of the space vehicle at the pad proceeded witnout any significant DrDb\efTIS 
that would impact the launch readiness date which was based en the earliest 
lunar window. Table 3-1 lists all the significant activities or events 
which occurred at KSC leadinq up to the successful launch of A~0110 8. 
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Table 3-l. AS-503 Milestones 

DATE 

December 26, 1967 

December 27, 1967 

December 30, 1967 

January 4, 1968 

January 6, 1968 

January 9, 1968 

January 19, 1968 

January 31, 1968 

February 1, 1968 

February 5, 1968 

February 12, 1968 

March 11, 1968 

March 25, 1968 

April 8, 1968 

April 10, 1968 

ADril 27, 1968 

April 28, 1968 

April 29, 1968 

May 1, 1968 

June 9, 1968 

June 14, 1968 

June 27, 1968 

July 24, 1968 

August 6, 1968 

August 11, 1968 

August 12, 1968 

August 14, 1968 

August 15, 1968 

August 16, 1968 

ACTIVITY OR EVENT 

S-II Arrival 

S-IC Arrival 

S-IVB Arrival, S-IC Erection on LUT-1 

Ill Arrival 

BP-30 Arrival 

LTA-B Arrival 

LTA-B Mate With SLA-10 

S-I I Erection 

S-IVB, IU Erection 

BP-30, Summary LES Erection 

LV Electrical Mate Completion 

SV OAT 1 Completion 

SV Pull Test Completion 

SV OAT 2 Completion 

Decision to Deerect BP-30 for SPS Tank Skirt Mod 

C Mission Changed to C Prime Mission 

SLA-10, Ill, S-IVB Deerectian 

S-II Deerection 

S-II Departure for MTF 

LM-3 Descent Stage Arrival 

LM-3 Ascent Stage Arrival 

S-II-3 Arrival from MTF 

S-II-3 Erection 

CSM 103 Quad Arrival 

SM 103 Arrival 

CM 103 Arrival 

S-IVB Erection 

1.U Erection 

Facility Verification Vehicle Erection 
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Table 3-l. AS-503 Milestones (Continued) 

DATE 

August 19, 1968 

August 22, 1968 

August 23, 1968 

September 5, 1968 

September 14, 1968 

September 15, 1968 

September 18, 1968 

September 29, 1968 

October 2, 1968 

October 4, 1968 

October 7, 1968 

October 9, 1968 

October 12, 1968 

October 22, 1968 

October 29, 1968 

November 5, 1968 

November 7, 1968 

November 11, 1968 

November 12, 1968 

November 19, 1968 

November 30, 1968 

December 2, 1968 

December 5, 1968 

December 10, 1968 

December 11, 1968 

December 15, 1968 

December 21, 1968 

ACTIVITY OR EVENT 

Apollo 8 Designation for AS-503. Decision to 
Replace LM-3 with SLA-11A and LTA-8. 

CM 103 Mate with SM 103 

LV Electrical Systems Test Completion 

CSM 103 Combined Systems Test Completion 

Facility Verification Vehicle Deerection 

BP-30 Erection for SA Checkout 

SLA-1lA Arrival 

LTA-B Mate with SLA-1lA 

Service Arm OAT Comoletion 

BP-30 Deerection, CSM 103 

CSM 103 Erection in VAB 

Space Vehicle Transfer to Pad A 

MSS Transfer to Pad A 

SV Cutoff and Malfunction Test Comoletion 

CSM MCC-H Test Completion 

SV Electrical Mate Comdletion 

SV OAT 1, Plugs-In, Canoletion 

LV MCC-H Test Comoleted 

LUT/Pad Water System T,st Comoletion 

SV Flight Readiness Test Comoletion 

SV Hypergolic Loadinq Comoletion 

RP-1 Loading Completion 

SV CDDT (Wet) Start 

SV CDDT (Wet) Completion 

SV CDDT (Dry) Completion 

SV Launch Countdown Start (-103 Hours) 

Apollo 8 (AS-503) Launched at 0751 EST 
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3.3 COUNTDOWN EVENTS 

The launch countdown started at 1900 Eastern Standard Time (EST) Sunday, 
December 15, 1968, at -103 hours. There were six preplanned holds 
incorporated into the countdown. The countdown proceeded as scheduled 
with relatively few problems. Many of the countdown operations were being 
accomplished consistently ahead of the clock. At 2051 EST December 19, 
1968, the terminal countdown sequence was started at -28 hours. At that 
time, the space vehicle operations were functionally ahead of the clock. 
Later in the count, it was discovered that the onboard LOX supply for the 
spacecraft Environmental Control System (ECS) and fuel cell systems was 
contaminated with N2 and preparations were made to replace the LOX. The 
LOX reservicing operations were completed with the tanks pressurized at 
approximately -10 hours. During the planned 6-hour hold period that 
started at -9 hours, virtually all of the countdown tasks, which were 
delayed by the LOX detankinq and retanking operations, had been brought 
back in line. When the count was picked up again at -9 hours, the space 
vehicle operations were essentially on schedule. At -8 hours S-IVB LOX 
loading operations were started. The cryo enic loading operations were 
completed at 0329 EST, December 21, 1968, 9 8 minutes into the l-hour 
scheduled hold). The count (-3:30 hours) was again picked up at 0421 EST, 
December 21, 1968. The crew entered the spacecraft at -2:53 hours. 
Successful launch of the Apollo 8 (AS-503) occurred at 0751 EST, Dectier 
21, 1968. 

3.4 PROPELLANT LOADING 

3.4.1 RP-1 Loading 

The RP-1 system successfully completed all operations in support of CDDT 
and launch. One minor fuel leak occurred during CDDT which,required 
rescheduling of the S-IC tail service mast fuel operation. The level 
adjust drain operation during CDDT and countdown was completed at -1 hour 
establishing the required flight mass of RP-1 onboard. About 20 minutes 
was required to level adjust, drain, and inert the RP-1 system line. At 
ignition, KSC mass readout indicated that approximately 616,908 kilog-als 
(1,360,049 lbm) of RP-1 were onboard the S-IC stage. 

3.4.2 LOX Loading 

The LOX system supported CDDT and launch satisfactorily. A minor problem 
developed during LOX loading concerning the failure of two main pump 

i 

clutch temperature switches but it did not affect loading operations. LOX 
fill sequence for launch was initiated at -8 hours, with all stage replenish 

d 

normal mode attained 3 hours 2 minutes later. Approximately 1332.5 m3 
(352,000 gal) of LOX were used during the two CDDT (wet) propellant 
loadings. Approximately 2119.8 m3 (560,000 gal) of LOX were consumed 
throughout countdown to securing. At launch, approximately 1627.7 m3 
(430,000 gal) of LOX were onboard AS-503. 
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3.4.3 LH2 Loading 

The LH2 system performed satisfactorily throughout CDDT and launch count- 
down. The vehicle fill sequences were performed on schedule. Flight mass 
was within specification at liftoff. Preconditioning of the S-II LH2 tank 
began at -7 hours 42 minutes and was completed 2 hours 40 minutes later. 
LH2 auto load was started at -4 hours 49 minutes with S-II chilldown; 100 
percent of flight mass was reached 46 minutes later. S-IVB loadinq began 
with S-II completion, and 100 percent fliqht mass was reached at -3 hours 
30 minutes. Total fill sequence required 86 minutes. The same fill time 
was required for each prope?lant loading of the wet CDDT. Boiloff usage 
of LH2 was about 473.2 m3 (125,000 gal) for each of the two propellant 
loadings during wet CDDT. The countdown and launch consumed approximately 
1779.1 m3 (470,000 gal) of LH2. 

During both propellant loadings of the wet CDDT, the LH2 loadinq loqic 
initiated a revert of the S-II and S-IVB automatic replenishing during 
the S-IVB stage vent valve test. The cause was traced to a momentarv 
pickup of the S-IVB overfill sensor. This resulted from the Propellant 
Tanking Computer System (PTCS) sensing a low stage LH2 level while the 
S-IVB stage vents were closed and the S-IVB tank was partially Dressurized. 
The replenish valve opened for about 1 minute when it was not required. 
When the S-IVB stage vent was opened and the tank depressurized, there 
was a series of momentary actuations of the overfill sensor causing the 
revert. A comnand (procedural requirement) to override the S-IVB reolenish 
valve to the closed position while the stage vents were closed was not 
given by S-IVB personnel before they closed the vents. The override close 
comnand was given in the proper sequence during countdown and, although 
preparations had been made to lockout an S-IVB revert, the S-IVB overfill 
signal was not actuated. 

A/minor hydrogen leak was detected during the first propellant loading of 
the wet CDDT at the packing of the S-IVB fill valve, when the valve was in 
the "reduced" position with the S-IVB about 95 percent full. The valve 
packing was retorqued before the second propellant loading of the wet CDDT, 
and the leak did not reappear during CDDT. During launch countdown, there 
was a significant vapor leak at the same valve during S-IVB slow fill to 
100 percent. The valve was closed and the leak stopped imnediately. The 
slow fill sequence was continued using the redundant fill valve. 

3.4.4 Auxiliary Propulsion System Propellant Loading 

Propellant loading of the S-IVB Auxiliary Propulsion System (APS) was 
accomplished satisfactorily. Total propellant mass in both modules at 
liftoff was 175.2 kilograms (385.3 lbm) of Nitrogen Tetroxide (NqO ) and 
113.8 kilograms (250.8 lbm) of Monanethyl Hydrazine (Mm). The tn'ttial 
APS loads and the propellant usage during flight are discussed in 
paragraph 7.12. 
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3.4.5 S-IC Stage Propellant Load 

S-IC stage propellant loads obtained from the WC weight and balance log 
were compared to those determined from continuous level sensor data. This 
comparison showed the LOX load to be 2304 kilograms (5079 lbm) greater, 
and the fuel load 1095 kilograms (2415 lbm) less than KSC loads. The 
propulsion performance reconstruction , utilizing a conrbined RPM chamber 
pressure match, was able to follow the continuous level sensor data for 
both LOX and fuel with an accuracy of +1.27 centimeters (to.5 in.). The 
reconstruction matched also the residuals calculated from level sensor 
and line pressure data indic.ating that the propellant loads determined 
from the level sensor data are accurate. Total propellants onboard at 
ignition command are shown in Table 3-2. The reconstructed LOX load is 
0.16 percent above, and the reconstructed fuel load is 0.18 percent 
below the KSC indicated values. 

3.4.6 S-II Stage Propellant Load 

The Propellant Utilization (PU) system (fine mass) indication of propellant 
mass onboard the S-II stage at liftoff was 858 kilograms (1891 lbm) LOX 
and 746 kilograms (1643 lbm) LH2 greater than predicted. S-II stage total 
propellant loads at S-IC ignition command are shown in Table 3-3 and 
includes trapped propellants below the tanks. The best estimate values, 
based on engine flowmeter data, are greater than predicted by 0.14 percent 
for LOX, and less than predicted by 0.46 percent for LH2. 

3.4.7 S-IVB Stage Propellant Load 

The PU system indication of initial S-IVB stage propellant mass was only 
4 kilograms (7 lbm) greater for LOX and 13 kilograms (30 lbm) greater for 
LH2 than the predicted values. Table 3-4 lists the S-IVB propellant 
loads at S-IC ignition comnand. Best estimates were 0.04 percent less 
for LOX and 0.10 percent greater for LH2 than the predicted propellant 
masses. 

3.5 S-II INSULATION PURGE AND LEAK DETECTION 

The S-II insulation purge system performed satisfactorily throughout the 
countdown. Outlet purge pressure was lost in the LH2 tank sidewall cir- 
cuit 3 hours 30 minutes prior to liftoff, approximately 34 minutes after 
completion of S-II LH2 loading. Operational television employed to 
inspect the sidewall insulation revealed that numerous cracks developed in 
the circumferential flexible closeouts of the insulation near Vehicle 
Station 55.3 meters (2177 in.), and also in the vertical closeout adjacent 
to engine No. 4. 

The cause of cracking is assessed to local stresses resulting from extremely 
low surface temperatures created by a heavy frost layer. Both the closeout 
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Table 3-2. S-IC Stage Propellant Mass at Ignition Comand 

I 'RCPELLART PREDICTED 
lJN'I“ PRIOR TO LAUNCH 

MASS REQUIREMENTS H4SS INDICATIONS WS IWIATICINS 

PROPELLANT UNITS PREDICTED LOADING LEVEL BE BEST EST 
PRIOR TO TABLE AT SENSOR BEST ESTIIWE Es%RTE "INUS 
LAUNCH' IGNITION2~' DATA MINUS LOADINS 

PREDICTED TABLE , 

LOX 3 1.420.593 1.416.556 1.418.860 1.418.852 -1741 lbm 3.131.873 3.122.971 3.128.050 3.128.034 -3839 z!i 
x -0.12 0.16 

RP-1 ka 612,982 616,908 615,812 615.812 -1096 
lbm 1,351,;95 1.360.049 1.357.634 1.357.634 

ii: 
-2415 

x 0.46 -0.18 

Total %n 2.033.575 2.033.464 2.034.672 2.034.665 1090 1201 
4,483.268 4.483.020 4.485.684 4.485.668 

E 
2648 

% 0.06 

'Based on LOX density of 1137.3 kg/r? (71.0 lbm/ft3) and RP-1 density of 802.5 kg/h1 
(50.1 lbm/f0). 

*Based on LOX density of 1138.2 kg/m3 (71.06 lbm/ft3) and RP-1 density of 808.1 kg/ad 
(50.445 lbm/ft3). 

'KSC orooellant mass readouts are same as loading table data at ignition. 

Table 3-3. S-II Stage Propellant Mass at S-IC Ignition Comand 

. 

I 

1. 

LOX kg 359,569 360.427 359.302 ibm 792.714 360.059 794.605 792,125 
': 

793.795 1% 1:: 
0.24 0.14 

L"2 kg 70.507 '1.333 70.434 
lbm 

70.265 745 
155.618 151.261 155.281 154.907 1643 ::: 

. 0 1.06 -0.46 

Total k(I 430.156 431.760 429.736 
lbm 

1604 
940.332 951.866 947.406 

p: 
. 4 3534 iii 

Y 0.37 0.04 

NOTE: Values include propellants below tanks. 

Table 3-4. S-IVB Stage Propellant Mass at S-IC Ignition Command 

PROPELLANT PREDICTED 
UN'TS PRIOR TO LAUNCH 

Lnx Lo 87,508 87.512 87.501 87.470 4 -38 
lbm 192.923 192.930 192.906 192.840 -83 
7 cd -0.04 

L"2 kq 19.665 19.678 19.611 19.684 13 19 
lbm 43,353 43.303 43,235 43,395 
1 c.2 c.E 

Total ko 107.173 107.190 107.112 107.154 17 -19 
Ibm 236.276 236.313 236.141 236.235 37 -41 
4 0.02 -0.02 
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strips and adhesive on the S-II-3 stage were silicone compounds which 
lose elastomeric properties and become brittle at temperatures below 
f'~~o" ~j800F). One sidewall temperature measurement indicated 194°K 

0 . 

This insulation problem was experienced earlier on the S-II-4 stage at 
the MTF and initiated a change in the closeout configuration effective 
on S-II-4 and subsequent stages. The change was not made on the S-II-3 
stage because of potential schedule impact and acceptance that the 
probability of calm wind, high humidity, and low temperatures (causing 
heavy frost) would be minimal at KSC. Fiqure 3-1 shows the insulation 
panel joint closeout used on S-II-3 together with the modified 
configuration. 

Contaminant gas concentrations in the system remained below launch mission 
rule limits at all times. Concentrations of hydrogen qas were low in all 
purge circuits following pressure stabilization during LH2 fill. Acti- 
vation of back purge in the sidewall circuit after LH loading precluded 
further monitoring of that circuit. A high concentra s ion of nitrogen was 
present in the combined forward bulkhead circuits during LH2 fill, and 
the forward bulkhead uninsulated area indicated a nitrogen content in 
excess of 1 percent just prior to liftoff. Cause is assessed to leaks in 
either the forward bulkhead insulation or the membrane seal since the 
forward interstage is purged with nitrogen during ground hold and is at 
slightly higher pressure than the purge circuits. 

3.6 GROUND SUPPORT EQUIPMENT 

Ground systems performance was highly satisfactory. The holddown arms, 
tail service masts, service arms, propellant tanking systems, and all 
other ground equipment functioned well in support of AS-503 launch. 
All Holddown Arms (HDA) release occurred at 0.27 seconds. All arms released 
pneumatically aithough the drop and lanyard pull for HDA 2 was sufficiently 
slow to allow detonation of the backup explosive nut link. This had no 
detrimental effect on arm release. 

Tail Service Mast (TSM) retraction was normal. Mast retraction times were 
2.62 seconds for TSM l-2, 2.77 seconds for TSM 3-2, and 2.54 seconds for 
TSM 3-4, measured from "umbilical plate separation" to "mast retract" 
indication. 

Service arm retraction was normal except slight deviations of service arm 
4 and service al*p, 1. The service arm 4 retraction was initiated by the 
secondary supplv and return hydraulic pilot valve which is fired by means 
of the HDA service arm control switch (l-inch liftoff) in sequence with 
the primary main unbilical carrier, LOX coupler, and LH2 coupler release 
switches. The primary retract supply valve and the primary sract return 
valve, which are normally fired by means of the HDA 4 service arm control 
switch (l-inch liftoff) in sequence with the secondary main umbilical 
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carrier, LOX coupler, and LH2 coupler release switches, did not fire until 
the HDA 2 secondary service arm control switch was actuated (22-inch 
liftoff). This bypassed the secondary main umbilical carrier, LOX couoler, 
and LH2 coupler release switches. Failure to initiate service arm 4 
primary retract, before closure of the 22-inch liftoff switch, has been 
attributed to faulty operation of one or more of the umbilical secondary 
release switches. In addition, postlaunch inspection revealed that the 
S-II LOX umbilical coupler on service arm 4 was not latched securely in 
the retract position. Investigation is continuing to determine the exact 
nature and extent of this problem. 

The withdrawal time for the service arm 1 carrier was 6.14 seconds. Normal 
withdrawal time is about 4.2 seconds. This did not affect overall service 
arm 1 retract time enough to cause terminal countdown sequence cutoff. 
Total service arm 1 retract time to safe angle was 11.1 seconds, 0.6 
second greater than specification limit, but 2.69 seconds before service 
arm 2 retract comnand. (Failure to achieve service arm 1 safe angle 
to time for service arm 2 retract at 16.2 seconds would cause cutoff. P 

rior 

The cause of the slow withdrawal has not been established. 

Detailed information of ground equipment performance, problems encountered 
during launch preparations, and blast damage to the complex and equipment 
is given in Apollo/Saturn V Ground Systems Evaluation Report AS-503, 
Kennedy Space Center, February 10, 1969. 

Overall damage to the launch complex and support equipment was less than 
that occurred at AS-507 and AS-502 launch. Modifications incorporated to 
reduce blast damage below that experienced on the previous launches were 
effective. Ablative coating on the HDA and tail service masts provided 
adequate blast protection. The ablative coating was removed from HDA 1, 
possibly because of poor bonding. It is estimated that less than 50 
percent of the coating on the tail service masts needs replacement. 
Damage to the service arm systems were significantly less than on AS-501 
and AS-502. Although there were several service arm hydraulic leaks, no 
hydraulic fires occurred as on previous launches. The fire protection 
system in LUT Room 4A activated at liftoff and covered the RP-1 and 
hydraulic equipment with dry chemical fire extinguishing powder. This 
also happened during AS-501 and AS-502 launches. 

In general, damage to the Marshall Space Flight Center (MSFC) furnished 
Ground Support Equipment (GSE) (mechanical and electrical) was minor. 
On LUT level 60, equipment storage rack damage was similar to that during 
previous launches. Again, welds were broken and door latchinq assemblies 
were torn off. On the LUT level 100, damage was characterized by broken 
welds, damaged door latches, and rack frames bowed out of shape. On 
level 120, welds and door latches were broken as occurred during previous 
launches. 
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SECTION 4 

TRAJECTORY 

4.1 SUMMARY 

The actual trajectory parameters of the AS-503 were close to nominal. 
The vehicle was launched on an azimuth of 90 degrees east of north. At 
12.11 seconds, the vehicle started a roll maneuver to a flight azimuth 
of 72.724 degrees east of north. 

The space-fixed velocity at S-IC Outboard Engine Cutoff (OECO) was 
12.57 m/s (41.24 ft/s) greater than nominal. At S-II Engine Cutoff (ECO) 
the space-fixed velocity was 10.58 m/s (34.71 ft/s) greater than nominal. 
At S-IVB first cutoff the space-fixed velocity was 0.44 m/s (1.44 ft/s) 
greater than nominal. The altitude at S-IVB first cutoff was 0.02 kilo- 
meter (0.01 n mi) lower than nominal and the surface range was 2.61 kilo- 
meters (1.41 n mi) greater than nominal. 

The parking orbit insertion conditions were very close to nominal. The 
space-fixed velocity at insertion was 0.01 m/s (0.03 ft/s) less than 
nominal and the flight path angle was 0.001 degree greater than naninal. 
The eccentricity was 0.00001 greater than nominal. The apogee and perigee 
were 0.03 kilometer (0.02 n mi) and 0.16 kilometer (0.09 n mi) less 
than nominal, respectively. 

The translunar injection targeting parameters were also very close to 
nominal. The eccentricity was 0.00083 less than nominal, the inclination 
was 0.025 degree greater than nom'nal, 
than nominal, and C3 was 49,631 m /s2 h 

the node was 0.043 degree greater 
(534,224 ft2/s2)less than nominal. 

At translunar injection the total space-fixed velocity was 5.23 m/s 
(17.16 ft/s) less than nominal and the altitude was 3.62 kilometers 
(1.96 n mi) higher than nominal. 

The actual surface range of the impact point for the S-IC staye, as de- 
termined from a theoretical free-flight simulation, was within 8.34 kilo- 
meters (4.50 n mi) of the nominal. The free-flight trajectory indicated 
S-II stage impact of 111.80 kilometers (60.36 n mi) further downrange 
than the nominal impact point. 
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4.2 TRACKING DATA UTILIZATION 

4.2.1 Tracking During the Ascent Phase of Flight 

Tracking data were obtained during the period from the time of first motion 
through parking orbit insertion. 

The ascent trajectory was established by merging the launch phase trajec- 
tory with the best estimate trajectory. The launch phase trajectory was 
established by integrating the telemetered bodl-fixed acceleromter data, 
and verified by optical and Offset Frequency Doppler (ODOP) tracking data. 
The best estimate trajectory utilized telemetered guidance velocities as 
the generating parameters to fit data from ODOP and seven different C-Band 
tracking stations. These data points were fit through a guidance error 
model and constrained to the insertion vector obtained from the orbital 
solution. Comparison of the ascent trajectory with data from all the 
tracking systems yielded reasonable agreement. 

4.2.2 Tracking During Orbital Flight 

Table 4-l presents a sumary of the C-Band radar stations which furnished 
data for use in determining the orbital trajectory. There were also con- 
sideratle S-Band tracking data available during the orbital flight which 
were not used in determining the orbital trajectory due to the abundance 
of C-Band radar data. 

Table 4-l. Sumnary of AS-503 Orbital C-Band Tracking Data Available 

STATION TYPE OF RADARS REV 1 REV 2 POST TLI 

Bermuda FPS-16M X 

Tananarive FPS-16M X X 

Carnarvon FPQ-6 X X 

White Sands FPS-16M X 

Patrick FPQ-6 X 

Merritt Island TPQ-18 X 

Bermuda FPQ-6 X 

Vanguard Ship FPS-16M X 

Grand Turk TPQ-18 X 

Pretoria MPS-25M x 

Mercury Ship FPS-16M X 

Hawaii FPS-16M X 
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4.2.2 (Continued) 

The orbital trajectory was obtained by integrating corrected insertion 
conditions forward. The insertion conditions, as determined by the 
Orbital Correction Program (OCP), were obtained by a differential cor- 
rection procedure which adjusted the estimated insertion eonditions to 
fit the C-Band radar tracking data in accordance with the weights assigned 
to the data. After all the C-Band radar tracking data were analyzed, som 
stations and passes were eliminated completely from use in the determinat+on 
of the insertion conditions. 

4.2.3 Tracking During the Injection Phase of Flight 
. 

C-Band radar data were obtained from Hawaii station during the period from 
S-IVB restart through translunar injection. 

The injection trajectory was established by utilizing telemetered guidance 
velocities as the generating parameters to fit the tracking data in a 
best estimate sense. These data pclints were fit through a guidance error 
model and initialized by the S-IVB restart vector obtained from the orbital 
solution. Comparison of the injection trajectory with tracking data yielded 
reasonable agreement. 

4.3 TRAJECTORY EVALUATION 

4.3.1 Ascent Trajectory 

Actual and nominal altitude, surface range, and cross range for the ascent 
phase are presented in Figure 4-l. The actual and nominal total earth- 
fixed velocities, and the elevation angles (elevation of earth-fixed 
velocity vector from the local horizontal) of the velocity vectors are 
shown in Figure 4-2. Actual and nominal space-fixed velocity and flight 
path angle during ascent are shown in Figure 4-3. Comparisons of total 
inertial accelerations are shown in Figure 4-4. The maximun acceleration 
during S-IC burn according to the postflight trajectory was 3.96 g. The 
accuracy of the trajectory at S-IVB first cutoff is estimated to be 
~1.0 m/s (f3.3 ft/s)in velocity components and HE meters (21640 ft) in 
position components. 

Mach number and dynamic pressure are shown in Figure 4-5. These parameters 
were calculated using measured meteorological data to an altitude of 
89.75 kilometers (48.46 n mi). Above this altitude the measured data were 
merged into the U.S. Standard Reference Atmosphere. 

Actual and nominal values of parameters at significant trajectory event 
times, cutoff events, and separation events are shown in Tables 4-2, 4-3, 
and 4-4, respectively. 

The free-flight trajectories of the discarded S-IC and S-II stages were 
simulated using initial conditions from the final postflight trajectory. 
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Table 4-2. Comparison of Significant Trajectory Events 

i 

LUElll PARMETER 

nqe llm.soc 
Altitude. km 

In ti) 

Range The. set 
r&n&c Prcsslm. n/cd 

(lbf/ft2) 

Alt~tud. km 
(n rni) 

aan* Tlr, ICE 
Cccrlrratim. m/s2 

(Wr2i 

~~sn:~st 
(ft/s2) 

61.Y 

(3%; 

ifit 
(7X.9%) 

13.43 
(7.25) 

163.92 

(12fS 

624.14 
. 18.20 

(59.71) 

nrst Ibtbn - 

Mach 1 

%z 
(743.939) 

12.77 
(6.00) 

‘~~ 
(127.i7) 

621.29 
IO.50 

M0.m 

6.633 

(23:s 

10.662.38 
15.32 

(sm6) 

kxlu Total Imrtial 
Accelrrrtion: S-IC 

S-11 

S-IVb 1st Bun I Range Tim. set 
Accrlwatlon. ws2 

(fL/d) 
S-1 B 2nd Burn ‘I llrngell~.Sec 

Accolrrrtion. lJs2 
(ftm 

3.92 
0.12 

(0.39) 

2.66 

(-I?$ 

-tog 
(4 10 

3.23 
-0.15 

(-0-U) 

:O.IsS.Li 
15.17 

(49.77) 

Aprr : s-IC stags 

s-11 stag? 

Ran 
t 

Tim. set 
Alt tude. km 

(n l i) 
Surfaco Range. km 

(n ml 

%-it 
(U.ia) 

(158 

E-E 
(106.il) 

1729.w 
(Our.oc) 

EC wl.ioo) 
329.15 

(177.92) 

2-E 
(-3.h) 

-3.76 
(-2.22) 

17.01 
-0.49 

(0.27) 

102.06 
(66.10) 

Et: 
(104.irl 

1627.86 
mm.%1 

Narlu Earth-Fired 
Velocity: s- IC 

S-11 

S-Iv8 1st Burn 

S-IV9 2nd Burn 

Rang Ii-. set 
Vdoclt$.(~~,) 

P-.npl T11. set 
k?locity. Js 

(ftls) 

RanJr T1m. set 
Velocity. m/s 

(ft/r) 

Rang lla. sa 
Vdocity.m/S 

(ftfs) 

164.47 
2356.3D 

(7727.36) 

6%:: 
(21.068.14) 

7":: 
W.a4.26) 

;:4:-E 
r.i78.;4) 

162.07 
2s6.18 

m7.u) 

2.40 
9.12 

mu1 

2.91 
10.22 

(33.63) 

82 
(2.23) 

3.21 
-4.83 

(-lS.as) 

62l.S 
6411.36 

(21.634.61) 

606.51 
7r.97 

(24.242.03) 

10.662.79 
10.422.51 

34.194.59) 

b The mmirul trajectory ts based on the actu81 flight aziuth 
of ?2.124 deqrees. 



Table 4-3. Comparison of Cutoff Events 

AtTlJAl NONINAL ACT-MIII ACllJN MlmlNAL ACT-NIX 
PARAMETER 

SIC IECO SIC OECO (LVOC %N%0) 

Renge Time, set 125.93 125.92 0.01 153.82 151.37 2.45 

a1t1tude. km 4.48 43.43 -1.95 65.?5 66.74 0.99 
(n l 1) (22.40) (23.45) (-1.05) (35.W (36.W (-0.54) 

Surfrce R3qe. km 42.05 42.?2 -0.68 
,4k$ 

85.95 3.51 
(n ti) (22.71) (23.07) (-0.X) (46.41) (1 .w 

Spece-Fixed Veloclty.~~;s~ 1693.96 1940.63 -46.87 2712.65 2?00.06 12.57 
(6213.78) (6X7.55) (-153.77) (ae99.77) (6858.53) (41.24) 

Flight Peth Anglo. deg 24.527 25.411 0.110 20.6% 21.819 -1.120 

Hoeding Angle, deg 76.572 76.391 0.161 75.307 75.b14 -0.027 

Cross Renge. km 0.49 (O:$ 0.43 0.62 0.15 0.17 
In 91) (0.W (0.23) (0.3)) (0.08) (0.25) 

Cmss Renge Veloclty.m/s 5.10 1.79 3.31 5.22 -0.26 
(Ws) (16.73) (5.67) (10.26) 

(16:;; 
\1?.13) (-0.921 

S-11 EC0 (LVOC SENSE01 S-IV9 1ST EC0 (JEl9CIlV CUTOFF) 

Range Tla. set 524.04 521.19 2.65 6M.90 683.99 0.99 

Lltltude. km 191.54 192.95 -1.41 191.36 191.39 -0.02 
(n 111) (103.42) (104.18) (-0.76) (103.33) (103.34) (-0.01) 

Surfece Renge. Iv 1504.32 1490.39 13.93 2571.39 25?4.69 2.61 
(n mlJ (612.27) (604.75) (7.52) (1391.63) (1390.22) (1.41) 

Iprce-Fired Velocity. Js 6621.15 6610.57 10.56 7IPl.Q 77W.99 
(ft/s) (22.379.10) (22.3U.390) (34.71) (25.562.43) :25.560.99) Cl!: 

Flight Pith 6ngle. &g 0.646 0.412 0.234 O.Wl -0.003 0.002 

Heading Angle. deg 61.777 61.731 0.016 w.ow 69.991 0.607 

Cross Renge. km 23.11 23.00 0.11 57.06 57.60 -0.52 
(n ml) (12.46) (12.42) uJ.1) ,m.w (31.10) (0.28) 

Cross Renge Veloclty.~~~s~ 160.43 162.92 -2.49 t65.72 266.69 -0.97 
(526.35) (534.51) (-6.16) (Wl.?atl) (Wb.07) (-3.19) 

S-IV0 2nd EC0 (VEloCI7V CUTOFF) 

Renge Time. set 10.555.51 10.552.26 3.23 

~ltltude. km 312.19 328.75 
(n l i) (179.37) (177.51) (1:: 

ipece-Fired Velocity, m/s 10.6al.26 10.635.05 4.77 
(ft/s) (35.532.41) (35.546.06) (-15.65) 

Uight Path Angle, deg r.u5 7.341 0.104 

lerdlng Angle, dcg b? 'a' . .-m b7.125 0.031 

iccentrlclty 0.97425 0.97497 -0.06072 

:3* azlS2 -1.556.426 -1.513.447 -42.979 
( fCW) -16.753.229) (-16.296.5973 (-462.622) 

Inclinrtion. deg 30.639 m.615 0.024 

baacendbq Node. deg 38.988 38.916 O.Ob2 

l C3 is twIc;Uthe specific energy of orbit. 

C) = v2 - 
r 

mere: V = Irrrttel Velocity 
u l 6rerltetiwl censtent 
R = Redlus wector from center of earth 
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Table1 4-4. Comparison of Separation Events 

PARAMETER 

s-rc/s-II SEPAiUlIar 

Range flme, set 154.47 152.07 2.40 
Altitude, km 66.37 67.45 -1.08 

(n ml) (35.W (36.42) (-0.58) 
Surface Range, km 90.84 87.42 

(n mi) (49.05) (47.20) (3 
Space-Fixed Velocity, n/s 2721.91 2709.66 12.25 

(Ws) (8930.15) m89.%) (40.19) 

Flight Path Angle, deg 20.605 21.720 -1.115 

Heading Angle, deg 75.384 75.410 -0.026 

Cross Range. km 0.62 0.15 0.47 
h ml) (0.33) (0.08) (0.25) 

-0.29 Cross Range Velocit,y.(X;s) 
(165$ 075i.$ l-O.%) 

geodetic latitude, deg N 28.852 28.847 0.005 

Longitude, deg E -79.717 -79.751 0.034 

S-II/S-NE SEPARATIOW 

Range Time. set 524.90 521.99 2.91 

Altrtude, km 191.61 192.99 -1.38 
(n 14) (103.46) (?04.21) (-0.75) 

Surface Raqe, km 1509.67 1495.36 14.31 
(n ai) (815.16) (807.43) (7.73) 

Space-Flxed Velocity. n/s 6824.96 6814.89 10.07 
(ft/s) (22.391.60) (22.358.%) (33.04) 

Flight Path Angle, deg 0.636 0.404 0.232 

Heading Angle, dog 81.807 81.759 0.048 

Cross Range,(pm,) 23.24 23.13 0.11 
(12.55) (12.49) (0.06) 

Cross Raqe Velocity, IJs 160.89 163.38 
(ft/s) 

-2.49 
(527.85) (5X.02) (-8.17) 

Geodetic Latitude, deg N 31.728 31.707 0.021 

mngitude. &g E -65.334 -65.482 0.148 

S-IWSPACECRAR SEPARATION 

Range fira. see 12.056.3 12.052.48 3.82 

Altttude. km 7017.31 7005.74 11.57 
h ml) (3789.04) (3782.80) (6.24) 

Space-Fixed Velocity, m/s 7617.07 
!Ws) 

7624.36 -7.29 
(24.990.10) (25.014.30) (-23.99) 

Flfght Path Angle, deg 45.076 45.051 0.025 

Heading Angle, deg 107.090 107.071 0.019 

Geodetic Latitude. deg N 25.884 25.866 0.018 

Longitude, deg E -66.293 -66.342 0.049 
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Figuie 4-l. Ascent Trajectory Position Comparison 

The s!mulation was based upon the separation impulses for both stages and 
nominal tumbling drag coefficients. No tracking data were available for 
verification. Table 4-2 presents a comparison of free-flight parameters 
to nominal at apex for the S-K and S-II stages. Table 4-5 presents a 
comparison of free-flight parameters to nominal at i-act for the S-IC 
and S-II stages. 

4.3.2 Parking Orbit Trajectory 

The acceleration due to venting during parking orbit is presented in 
Figure 4-6. These accelerations were obtained by differentiating the 
telemetered guidance velocity data and removing accelerometer biases and 
the effects of drag. 

A family of values for the insertion parameters was obtained depending 
upon the combination of data used and the weights applied to the data. 
The solutions that were considered reasonable had a spread of about 
f500 meters [*1640 ft) in position components and il.0 m/s (*3.3. ft/s) 
in velocity components. The actual and nominal parking orbit insertion 
parameters are presented in Table 4-6. The ground track from parking 
orbit insertion to S-M/spacecraft separation is given in Figure 4-7. 
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Figure 4-2. Ascent Trajectory Earth-Fixed Velocity Comparison 

4.3.3 Injection Trajectory 

Comparisons between the actual and nominal total space-fixed velocity and 
flight path angle are shown in Figure 4-8. The actual and nom'lnal total 
inertial acceleration comparisons are presented in Figure 4-9. Throughout 
the injection phase of flight, the space-fixed velocity, flight path angle, 
and total inertial acceleration were slightly less than nominal. 

The trajectory and targeting parameters at S-IVB second cutoff and trans- 
lunar injection are presented in Tables 4-3 and 4-7, respectively. 
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Figure 4-3. Ascent Trajectory Space-Fixed Velocity Comparison 

4.3.4 Post TLI Trajectory 

The post Translunar Injection (TLI) trajectory spans the time interval 
from TLI to S-IVB/spacecraft separation. The post TLI trajectory was ob- 
tained by integrating the translunar injection conditions, derived from 
the injection trajectory solution, to S-IVB/spacecraft separation. A com- 
parison of S-IVB/spacecraft separation conditions is presented in Table 4-4. 

4.3.5 S-IVB/IU Post Separation Trajectory 

The S-IVB/IU was placed in a lunar slingshot trajectory close to nominal. 
This was accomplished by a combination of a continuous LH2 vent, a LO% 
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igure 4-4. Ascent Trajectory Acceleration Comparison 

dump and APS ullage burn. A time history of the longitudinal velocity 
increments of the slingshot maneuver is presented in Figure 4-10. Table 4-8 
presents the velocity increments compared with nominal. The purpose of this 
maneuver was to slow down the S-IVWIU to make it pass by the trailing 
edge of the moon and obtain sufficient energy to continue to a solar orbit. 
Figure 4-11 presents the resultant conditions for various velocity increments 
at the attitude of the vehicle for the maneuver. The nominal and the 30 
band about tht: nominal are included. 

The S-IVB/IU closest approach of 1262 kilometers (682 n mi) above the lunar 
surface occurred at 69.982 hours into the mission. This point was at 
19.2 degrees north latitude and 88.0 degrees east longitude. The Dath of 
the S-IVB/IU was inclined 44.56 degrees to the lunar equatorial plane. 
The trajectory pcrameters were obtained by integrating forward a vector 
which was obtained from CCS tracking data during the active lifetime of 
the S-IVB/TU. The actual and nominal conditions at closest approach are 
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Figure 4-5. Dynamic Pressure and Mach Number Versus Range Time 

presented in Table 4-9. The velocity of the S-IVB/IU relative to the earth 
is presented in Figure 4-12. This vividly illustrates how the influence 
of the moon imparted energy to the S-IVB/IU. Figure 4-13 presents the 
relative positions of the spacecraft and the S-IVB/IU in the vicinity of 
the moon. 

Some of the heliocentric orbit parameters of the S-IVB/IU are presented in 
Table 4-10. Similar parameters for the earth's orbit are also presented 
for comparison. 

, 
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Table 4-5. Stage Impact Location 

PARAMETER ACTUAL 
I 

NOMINAL ACT-NOM 

--IC STAGE IMPACT 

Range Time, set 540.41 546.55 -6.14 

Surface Range, km 654.61 662.95 -8.34 
(n mi) (353.46) (357.96) (-4.50) 

Cross Range, km 7.13 7.08 0.05 
(n mi) (3.85) (3.82) (0.03) 

Geodetic Latitude, deg N 30.204 30.223 -0.019 

Longitude, deg E -74.109 -74.027 -0.082 

S-II STAGE IMPACT 

Range Time, set 

Surface Range, km 
(n mi) 

Cross Range, km 
(n mi) 

Geodetic Latitude, deg N 

Longitude, deg E 

1165.11 

4159.43 
(2245.91) 

128.62 
(69.45) 

31.834 

-37.277 

1147.13 

4047.63 
(2185.55) 

124.51 
(67.23) 

31.955 

-38.453 

17.98 

111.80 
(60.36) 

4.11 
(2.22) 

-0.121 

1.176 
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Table 4-6. Parking Orbit Inserti on Conditions 

PARA#TER ACTUAL 

Range Time, set 694.38- 

Space-Fixed Velocity, m/s 2792.84 
(Ws (25.567.06) 

Flight Path Angle, deg 0.0006 

Heading Angle, deg 88.5319 

Inclination, deg 32.509 

Descending Node. deg 42.415 

Eccentricity 0.00006 

9pogee*. km 185.19 
(n ai) (99.99) 

perigee*. km 194.41 
(n ml) (99.57) 

Beriod. min 88.19 

;eodetic Latitude, deg N 32.669 

.ongitude, deg E -53.292 

\1t1hte. km 191.36 
(n mi) (103.33) 

NOMINAL ACT-NOR 

693.99 0.99 

7792.05 -0.01 
25.567.09) (-0.03) 

-0.0005 O.ocll 

88.5247 0.0072 

32.503 0.006 

T2.397 0.019 

0.00095 O.oowl 

185.21 -0.03 
(100.01) (-0.02) 

164.57 -0.16 
(99.66) (-0.99) 

88.1s 0.00 

32.643 0.006 

-53.320 0.02& 

191.39 -0.03 
(103.34) -0.01) 

T TOLERANCES'V- 

-3 SIsm 

-11.61 

-1.38 
(-4.53) 

-0.0159 

-0.3231 

-0.010 

-0.038 

.o.w032 

(-iii5 

-3.4 
(-1.8) 

-0.018 

-0.554 

-0.72 
(-0.39) 

l Based on a spiwical earth of radius 6378.165 km (3443.934 n pi). 

l * There do not include evaluation Inaccuracies. 

Table 4-7. Translunar Injection Conditions 

PARAMETER ACTUAL 

Range Time. seconds 10.565.51 

Space-Fixed Velocity.($;s) 10.822.0s 
(35.505.41) 

Altitude, km 
b mi) I 346.73 

(187.22) 
I 

Flight Path Angle, deg 

Heading Angle, deg 

Eccentricity 

c3* ($31,) 

Inclination, deg 

Descendlrq Node, deg 

7.897 

67.494 

0.97553 

-1.478.917 
[-l&918.930) 

30.636 

38.983 

+3 SIM 

l 13.% 

+I .3a 
(*4.53) 

+0.0159 

+0.3869 

+0.010 

+0.038 

9.ooo32 

+1.5 
(+o.B) 

+3.5 
(*1.9) 

+0.019 

4.662 

MO.72 
(+0.39) 

3 

10.562.28 1 3.23 

10.827.28 

I 

-5.23 
(35.522.57) (-17.16) 

343.11 3.62 
(185.26) (1 .%I 

7.M 0.103 

67.4% 0.038 

0.97636 -0.ooO8.3 

-1.429.286 -49.631 
-15.384.706) (-534,224) 

30.611 0.025 

38.940 0.043 

4-14 



11.200 

1o.m 

lO.ao 

10,ooc 

i 

g 9600 

: 
2 
l 9200 

:  

:  

+!il 

5 

a400 

awe 

1600 

0 100 zoo 300 aGa so0 600 700 800 900 loo0 
Tim Fnwl 16. SEcoN!ls 

h 1 
2:41:00 2:U:W e : : 

Figure 4-8. Injection Phase Space-Fixed Velocity Comparison 

1.6 

0 1w 200 xx)400 500600 700.9mmolam 

b TIM m 76. Pc(I(Ds 

2:41:W 2:44:w 2:47:W 2:5c JO 2:5rqg7- 
RM TM. HoW:RIWmES:SEmDs 

Figure 4-9. Injection Phase Acceleration Comparison 

4-15 



RANGE TIM. SECOIJM 
1 I I 1 1 L 

4:51:40 5:oo:oo 5:08:20 5:16:40 5:25:0(1 5:33:20 5:41:40 
RANGE TIM. HOURS:HINUTES:SECONM 

Figure 4-10. Slingshot Maneuver Velocity Increment 
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Table 4-8. Comparison of Slingshot Maneuver 

PARAMETER ACTUAL WINAL 

Velocity Increment, m/s 41.9 37.0 -10.5 +14.5 
( ws : (137.5) (121.4) (-34.4) (+47.6) 

MISC. (LH2 and Guidance 
Ha&are Error), m/s 

Ws) 

LOX Dump, m/s 
( ws 1 

APS Ullage 8um. m/s 
Ws) 

(624: 

(6% 

19.4 
(63.6) 

(3!$ 

18.0 
(59.1) 

17.9 
(58.7) 

-8.0 +13.3 
(-28.9) ('+43.6) 

-4.9 es.5 
(-16.1) (+18.0) 

-3.0 .+1.4 
(-9.8) (+4:6) 

4PS Ullage Burn Time 

Engine No. 1, set 

Engir.e No. 2, set 

758.2 

732.5 

714 

714 

-114 

-114 

+64 

+64 

1-s 
-3 s16Hn +3 SI6M 

Table 4-9. Lunar Closest Approach Parameters 

PARAMETER ACTUAL 

Lunar Radius of Closest 
Approach, 

Altitude above Lunar 
Surface, 

(Zmmi) 

Time from Launch, hr 69.982 69.964 

Yelocfty Increase Relative 
to Earth from Lunar 
Influence, 

Ws 
(n mi/s) 

3000 2139 
(1620) (1155) 

1262 
(682) (2:; 

1.46 
(0.79) 
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Table 4-10. Heliocentric Orbit Parameters 

PARAMETER S-IVB/IU EARTH 

Semi-Major Axis, km 1.4284 x 108 1.4900 x 108 
(n mi) (0.7713 x 108) (0.8045 x 108) 

Aphelion, km 1.4774 x 108 8 
(n mi) (o.7977 x 108) 

1.5115 x I 
8 (0.8161 x 10 ) 

Perihelion, km 1.3795 x 108 1.4684 x 108 
(n mi) (0.7449 x 108) (o.7929 x 108) 

Inclination, deg 23.47 23.44 

Period, days 340.8 365.25 

16 HR 
1.6 ---lE 

v.- --7--- r----T 0:8 . r r -7--- ~~~ 7 
0 0.2 0.4 0.6 1.0 1.2 1.4 1.6 1.8 

DISTIYICL (EARTH-VEHICLE), 106 lm 

Figure 4-12. S-IVB/IU Velocity Relative to Earth Distance 

. 
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SECTION 5 

S-IC PROPULSION 

5.1 SUMMARY 

The S-IC propulsion system was equipped with a new subsystem to suppress 
oscillations similar to those experienced during the 110 to 140.second 
period of AS-502 flight. This subsystem performed as expected. 

All S-IC propulsion systems performed satisfactorily. In general, all 
flight performance data, as determined from the propulsion reconstruction 
analysis, were close to the nominal predictions. At the 35 to 38-second 
time slice, avera e engine thrust reduced to standard punp inlet conditions 
was 0.73 percent s ower than predicted. Average reduced specific impulse 
was 0.11 percent lower than predicted, and reduced propellant consumption 
rate was 0.67 percent less than predicted. 

Inboard engine cutoff, as indicated by engine No. 5 cutoff solenold 
activation signal, occurred 0.03 second later than predicted. Outboard 
engine cutoff, as indicated by outboard engines No. 1, 2, 3, and 4 
cuto?f solenoid activation signals occurred 2.42 seconds later than 
predicted. An outboard en ine LO% low level cutoff was predicted, but a 
comblnatfon of propellant 9 oadfng errors and, to a lesser extent, a fuel- 
rich mixture ratio resulted in a fuel low level inltirted cutoff. The 
usable LOX residual at Outboard Engine Cutoff (OECO) was 3018 kilograms 
(6653 lbm) compared to the usable zero predlctedr and the usable fuel 
residual was zero compared to the usable 2419 kilograms (5333 lbn) 
predicted. 

.* 
5.2 S-IC IGWITION TRANSIENT PERFORMANCE 

The fuel pump inlet prei nitlon pressure and temperature were 30.3 N/c& 
(44.0 psfa) and 272.6"K ? 31.0°F), respectively. These fuel punp Inlet 
conditions were within the F-1 engine model speciflcatlon limits (start 
box requirements) as shown in Figure 5-l. The preignition temperature 
at the fuel pmp inlet was considerably lower than the fuel bulk 
temperature of 288OK (59OF) due to the cooling effect of the LOX In the 
suction lines and engine. The LOX pump Inlet preignition pressure and 
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Figure 5-1. SIC Start Box Requirements 
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temperature were 56.9 N/cm* (82.5 psia) and 96.2OK (-286.5"F), respectively. 
The LOX pump inlet conditions were also within the F-l engine model 
specification limits as shown in Figure 5-l. 

The engine startup sequence was normal. A l-2-2 star? was planned and 
attained. Engine position starting order was 5, 3-1, 2-4. Two engines 
are considere to start together if their combustion chamber pressures 
reach 69 N/cm s (100 psig) within 100 milliseconds of each other. All 
engines started an average of 125 milliseconds slower than predicted. 
Figure 5-2 shows the thrust buildup of each engine, indicating the success- 
ful l-2-2 start. The shift in thrust buildup near the 4.893.044 Newton 
(l,lOO,OOO lbf) thrust level on the outboard engines was caused primarily 
by a combination ingestion of Gaseous Oxygen (GOX) and helium from the LOX 
prevalves which are used as helium filled accumulators for POGO suppression. 
The thrust shift is absent on the inboard engine for which the POGO 
suppression system was rendered inoperative prior to flight. Major events 
during the engine startup sequence are listed in Table 5-l. The best 
estimate of propellants consumed between ignition and holddown arms 
release was 40,520 kilograms (89,332 lbm). These consumptions are more 
than the predicted consumption of 38,985 kilograms (85,949 lbm). The 
higher than pr 
liftoff propel 
and 605,355 ki 

edicted consumption during holddown resulted in best estimate 
lant loads of 1.386.971 kilograms (3.057.349 lbm) for LOX 
lograms (1,338,987 lbm) for fuel. 

5.3 S-IC MAIN STAGE PERFORMANCE 

Two analytical techniques were employed in evaluating S-IC stage propulsion 
system performance. The primary method, propulsion reconstruction analysis, 
utilized telemetered engine and stage data to compute longitudinal thrust, 
specific impulse, and stage mass flowrate. In the second method, flight 
simulation, a six-degree-of-freedom trajectory simulation was utilized to 
fit propulsion and aerodynamic (drag and base pressure profiles) recon- 
struction analysis results to the trajectory. Using a differential 
correction procedure, this simulation determined adjustments to the recon- 
struction analysis of thrust and mass flow histories to yield a simulated 
trajectory which closely matched the observed postflight trajectory. 

S-IC stage propulsion performance, as determined by reconstruction, was 
completely satisfactory. Performance parameters and the nominal predic- 
tions are shown in Figure 5-3. All performance parameters were within the 
predicted values f 3 sigma deviations. Average engine thrust, reduced to 
standard pump inlet conditions, at a 35 to 38-second time slice was 0.73 
percent lower than predicted, as shown in Table 5-2. Individual engine 
deviations from predicted thrust ranged from 1.44 percent lower (engine 
No. 4) to 0.39 percent lower (engine No. 3). Average reduced engine 
specific impulse was 0.11 percent lower than predicted. Individual engine 
deviations from predicted specific impulse ranged from 0.18 percent lower 
(engine No. 4) to 0.07 percent lower (engines No. 2 and No. 3). 
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Figure 5-2. S-IC Engine Buildup Transient 

Table 5-1. S-IC Stage Engine Startup Event Times 

RANGE TIM, SECONDS 

EVENT ,NGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE 5 

Start Solenoid Energized -5.817 -5.765 -6.235 -5.927 -6.585 
MlV 1 Starts Open -5.669 -5.601 -6.083 -5.773 -6.439 

2 Starts Open -5.669 -5.605 -6.089 -5.785 -6.421 
Thrust Chamber Ignition -2.975 -2.615 -3.035 

::z 
-3.315 

FlFV 1 Starts Open -2.817 -2.459 -2.871 -3.161 
2 Starts Open -2.821 -2.447 -2.879 -2: 397 -3.155 

Final rhrust OK -1.831 -1.427 -1.803 -1.387 -2.201 
All Engines Runnfng -1.381 
Launch Comit 0.019 
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Table 5-2. S-IC Engine Performance Deviations 

PARAMETER ENGINE 

Thrust 
lo3 N (lo3 lbf 

Specific Impulse 
N-s/kg 
'lbf-s/lbm) 

.lowrate 
J/S 

(lbm/s) 

Mixture Ratio 
LOX/Fuel 

: 
3 
4 
5 

: 

aJ 
5 

: 
3 
4 
5 

: 

: 
5 

PREDICTED 
I 

RECONSTRUCTED 

6787 (1526) 6752 (1518) 
6731 (1513) 6695 (1505 
6816 (1532) 6788 (1526 1 
6808 (1530) 

(1520) 
6708 (1508) 

6762 6690 (1504) 

2587 (263.8) 2584 (263.5) 
2580 (263.1) 2578 (262.9) 
2594 (264.5) 2592 (264.3) 
2592 (264.3) 
2605 (265.6) 

2587 (263.8) 
2601 (265.2) 

2624 (5785) 2613 (5761) 
2609 (5751) 2597 (5725) 
2628 (5794) 2619 (5774) 
2626 (5790) 2593 (5716) 
2596 (5724) 2572 (5671) 

2.239 2.227 
2.266 2.254 
2.278 2.265 
2.288 2.275 
2.274 2.262 

DEVIATION 
PERCENT 

-0.52 
-0.53 
-0.39 
-1.44 
-0.77 

-0.11 
-0.07 
-0.07 
-0.18 
-0.15 

-0.41 
-0.45 
-0.34 
-1.27 
-0.92 

-0.53 
-0.10 
-0.57 
-0.56 
-0.52 

-0.73 

-0.11 

-0.67 

-0.45 

Note: Analysis was reaucea to stanaara sea level conditions (standard pump 
inlet conditions) at liftoff plus 35 to 38 seconds. 

From a clustered engine performance analysis (flight simulation), utilizing 
the results of the propulsion reconstruction and reduced to sea level 
ambient pressure, the stage average longitudinal thrust for the flight was 
1.36 percent lower than predicted and the stage average longitudinal specific 
impulse was 0.04 percent higher than predicted. Table 5-3 presents a 
sumnary of the flight simulation results, reduced to sea level anWent 
pressure conditions, of the average values and deviations for longitudinal 
thrust, propellant flowrate, and vehicle longitudinal specific impulse. 

5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMIKE 

In response to the Inboard Engine Cutoff (IECO) cmnd from the IU at 125.93 
seconds, the Inboard engine shut down at 125.95 seconds as indicated by the 
engine cutoff solenoid activation signal. the outb,oord engines shut down at 
153.79 seconds as indicated by engines No. 1, 2, 3, and 4 solenoid 
activation signals. This was 2.42 seconds later than predicted. These 
events were sensed by the Launch Vehicle Di 
153.82 seconds (OECO, start of Time Base 3 i! 

ital Canputer (LVDC) at 
T 1) which was 2.45 seconds 

a later than the predicted time of 151.37 secon s. The late OECO was caused 
by fuel density, thrust, specific impulse, mixture ratio, and propellant 
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Table 5-3. Comoarison of S-IC Stage Flight Reconstruction Data 

Average l 

lanpitudinal thrust 

Vehicle mass at hold- 
down am release 

Average mass 
loss fate 

I Average l 

specific impulse 

I 
1 s;lbml 
I 

I 
With Trajectory Simulation-Results 

VHlTS T 
t 

1 

PREDICTED 

39.790.2a9 
;7.822.D%) 

2.782.424 
(6.134.1353 

13.403.25 
:23.549.13) 

2595.9 
[ 254. ?1 ) 

RECONSTRUCTiON rJEwxATxoN 

PREkD 

34.371.122 
t7.?26.)36) -1.23: 

2.781.694 
(6.132.56.Sl 0.03: 

13.2j3.19 
;rs,la.lo) -1.a2: 

2601.3 
1265.26) 0.21" 

34.322.10 
t7.715.3171 

I 

-1.36' 

2.779.069i -0.11': 
(6.J27.660) - 

I 

c2:t;'$"4 
-i.dC" 

2597.0 
(264.a2) 

i 
0.RS.a 

VaramCters reouced to sea level amaient pressure. 

loading deviations. Figure 5-4 shows the relative contribution of each 
influencing parameter to the cutoff deviation. The combined effects of 
a slightly LOX-rich loading mixture ratio and, to a lesser extent, a 
fuel-rich propellant consumption mixture ratio resulted in a fuel low 
level cutoff of the outboard engines rather than the more probable LOX 
low level cutoff mode (see paragraph 5.5). 

Thrust decay of the F-l engines is shown in Figure 5-5. The decay transient 
was normal. The oscillations which occur near the end of "tailoff" are 
characteristic of the engine shutdown sequence. 

The total stage impulse from OECO to separation was indicated by engine 
analysis to be less than predicted. Telemetered guidance data also 
indicated that the cutoff impulse was lower than expected, as shakJn in 
Table 5-4. These deviations are within the acceptable range. 

5.5 S-IC STAGE PROPELLANT MANAGEMENT 

The reconstructed propellant loads were 2297 kilograms (5063 lbm) greater 
than Kennedy Space Center (KSC) indicated loads at ignition (corresponding 
to the actual density at ignition) for LOX and 1095 kilograms (2416 lbm) 
less for fuel. This loading increased the probability of a fuel law level 
cutoff from a nominal 11 percent to approximately 44 percent. A sunaary of 
the propellants remaining at major event times is presented in Table 5-5 
and the residuals are presented in Table 5-6. The predicted masses in 
Table 5-5 are based on norninal LOX and fuel densities. The nominal fuel tem- 
perature was 294OK (70OF) and the actual temperature was 288OK (59OF). 

5.6 S-IC PRESIURIZATION SYSTEMS 

5.6.1 S-IC Fuel Pressurization System 

The helium pressurization system satisfactorily maintained the required 
ullage pressure in the fuel tank during the flight. Helium Flow Control 
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Figure 5-4. SIC Outboard Engine Cutoff Deviations 
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Figure S-5. S-IC Engine Shutdown Transfxt Performance 
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Valves (HFCV) No. 1 through 4 opened as progranrned and the fifth flow 
control valve was required only once, between 47.11 seconds and 50.79 
seconds. 

In Section 2, Tab1 e 2-3, Sequence of Switch Selector Events, these valves 
are designated "Fuel Pressurizing Valves". The heat exchangers performed 
as expected. 

The low flow prepressurization system was cumnanded on at -96.99 seconds 
and performed satisfactorily. The Ground Support Equ#pment (GSE) fuel 
high flow prepressurization supply valve was comnded open at -4.09 
seconds and maintained the ullage pressure within the required band. 

Table 5-4. S-IC Cutoff Impulse 

PERCENT #vIAlIm 
FLIGHT FROM PREDICTED 

PARAFETEP PREDICTED ENGINE GUID. DATA EMS GIJID. OkTA 

Cutoff N-s 10.382.145 10.324.091 10.365.326 
Inpulse (lbf-s) (2.334,OOD; !2.320.948) (2,33D.i18) -0.06 -0.02 

ilcloclty m/s 10.13 10.61 10 66 
Increase (ft/s) (33.25) (34.8:) (3 .'-;; 0.47 0.52 

Note: The parameters quoted are for the tilne per!od baginning at OEtO and ending at 
separation slgnal. 

Table 5-5. S-IC Stage Propellant Mass History 

I EVENT PRL31CTED l 

211.623 91.276 
(466.990) (214.464) 

17,666[ '4.220 
(36,924) ( (31.3600) 

16.462 13.116 
(34.067) (28.9171 

7%zf+qy% 
3.h.d34, (1.367.634 (3.12&O% (1.367.634 

20.964 

I 

12.07d 1l.W 
(46 .;SS) (26.616 

1 
06.14 

16.576 
(a.958) c2?i32 

I 1 

6ESl LSTIlwE I 



Table 5-6. S-IC Residuals at Outboard Engine Cutoff 

PROPELLANTS PREDICTED ACTUAL DEVIATION 

LOX RESIDUALS* 

Usable Mainstage kg 0 3018 3018 
(lbm) 0 6653 ' 6653 

Thrust Decay and kg 17,656 17,876 220 
Unusable (lbm) 38,924 39,412 488 

FUEL RESIDUALS 
r T 

Usable Mainstage kg 2419 8 -2419 
(lbm) 5333** -5333 

Thrust Decqy and kg 11,801 12,073 272 
Unusable (lbm) 26,017 26,616 599 

* Does not include GOX pressurization gas. 
+* Fuel bias. 

I 

At 0.70 seconds the No. 1 HFCV of the onboard pressuriratlon system was 
opened. HFCV's No. 2, 3, and 4 were commanded open by the switch selector 
within acceptable times as shown In Table 2-3. These flows held the 
ullage and pump inlet pressures with43 the operatlng limits as shown In 
Figures 5-6 and 5-7. Helium bottle pressure, as shown In Figure 5-8, 
stayed within expected limits. 

5.6.2 WC LOX Pressurization System 

The LOX pressurization system performed satlsfactorlly, and all performance 
requiraments were met. The ground prepressurlratlon system malntalned 
ullage pressure wlthin acceptable llmlts until launch connrlt. The onboard 
pressuritatlon system subsequently maintained ullage pressure wlthln the 
GOX Flow Conto Valve (GFCV) band during the flight. The heat exchangers 
performed as expected. 

The prepressurlzatlon system'was Initiated by openlng of the ground supply 
valve at -67.94 seconds. The ullage pressure increased until it entered 
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Figure 5-B. S-IC Helium Bottle Pressure for Fuel Pressurization 

the switch band zone which terminated the flaw at a 
seconds. e 

proximately -59.51 
The ullage pressure increased approximate y 1,24 N/k2 (l.aO 

psid) above the prepressurization switch settlng to 19.5 N/cm (28.3 ps 
This overshoot is similar to that seen on AS-501 and AS-502. 

ia). 

The LOX tank ullage pressure hlstory is shown in Figure 5-9. During fl Wt. 
the ullage pressure was maintained wlthin required limits by the GFCV and 
followed the anticipated trend. 

The maximum 80X flowrate was 24.7 kg/s (54.5 lbm/s). Aftrr IECO, the 88X 
flow requtrements for the remaining four engines increased until OECO. 

The LOX pump Inlet pressure met the Net Positlve Suction Pressure (NPSP) 
requirements as shown In Figure 5-10. This figure is for en Ine No, 1, 

8 but is typical of the four outboard eng?nes. Engine No, 5 1 X punp inlet 
pressure decayed unexpectedly after IECO. This pressure is shown jn 
Figure 5-11 along wlth the preflight predictlons and pump requirements. 
Analysis of the problem has shcrJn that the most pro able caus 

3 
of this 

pressure decay 1s a LOX leak of approximately 98 cm /I (6 in. s /s) somewhere 
below the LOX prevalve, 
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5.7 S-IC PNEUMATIC CONTROL PRESSURE SYSTEM 

The pneumatic control pressure system performed satlsfactorlly during WC 
flight. The pnrumatic control regulator outlet prrsrura was 518 N/cm2 
(751 psia) at liftoff and decreased to 511 N/cm2 (741 psia) at 120 seconds. 
Therm were two slight dips in outlet pressure at IECO and at OECO as the 
control pressure systam actuated the pnvrlv~s after engino cutoff. All 
instrumented prevalves indicated closed positions. 

The control sphere pressure was 2055 N/cm2 (2981 psla) at liftoff and 
remalned steady until IECO when It drcreasod to 1974 N/cm2 (2863 psla) dw 
to inboard englno pravrlvr actuation. 

There was a further decrease to 1718 N/an2 (2492 psla) after OECO. As 
shown In Ffgurr 5-12, the rapld docay of qphwe pressura after OECO 
rxperlrnced on the AS-502 flight dld not racur. 

5.8 S-IC PURGE SYSTEM 

The turbopump LOX soal, Gas Gonrrator (GG) actuator housin 
calorlmoter purgr systems perfonnrrd satlsfactorlly L+:rlng % 

, and radlatlon 
-1C flight, The 

LOX dome and GG LOX Injector purge system also mat all raqulranents. 
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Figure 5-12. S-IC Control Sphere Pressure 

5.9 POGO SUPPRESSION SYSTEM 

The POGO suppression system, supplfes helium gas to the four outboard LOX 
prevalve cavities. The helium is obtained from the onboard fuel pres- 
surization system. Four resistance thermometers in each prevalve determine 
the presence of gas or liquid in the prevalve cavity at each measurement 
location. A schematlc of the system is shown in Figure 5-13. 

The POGO suppression system performed satisfactorily prior to and during 
S-IC flight. The system was initially turned on approximately 26 minutes 
prior to launch to be sure the prevalves would fill with helium, Redllne 
measurements indicated that the four outboard lines filled as scheduled. 
The pressure measurement downstream of the solenold valves indicated that 
flow was properly establlshed in the system. Eleven minutes prior to 
launch, the system was turned (3n again and flow was established. The 
temperature measurements did not change since the system still contalned 
helium from the earlier initlatlon. The four resistance thenmotors 
performed as expected during flight. In the outboard lines, the three 
upper measurements went cold momentarily at liftoff lndicatlnq that the 
LOX level shifted on the probes. The probes remalned warm throughout 
flight, Indicating helium In the prevalves. Figure 5-14 shows a plot of 
liquid level in the prevalve. At cutoff, the increased pressure forced 

5-15 



REPLACE YIM BLbNK ORIFICE c, 

I Figure 5-13. s-IC Pow suppression system 

-in 3 E w n 120 

RAW rrm ) sccws 

Flgure 5-14. S-IC Prevalve Llquld Level, Typicrl Outborjld Englm 

5-16 



LOX into prrvalves. The fourth resistance thermometer, at the lip of the 
valve cavity, was cold throughout fllght. 

5.10 S-IC CAMERA PURGE AND EJECTION SYSTEM 

' Although only one of the four film cameras was recovered, there is ood 
evidence that there was adequate pneumatic pressure to eject them a 3 1. 

Frame rate measurements for the two separation cmeras went to zero at 
approximately 180 seconds. This indicates sufficient pressure in both of 
the eject llnes to shear the restraining pins and provide motion of the 
cameras within the ejection tubes thus disconnecting the electrical plugs. 
The No. 2 LOX tank camera was recovered. For a discusslon of the f!lm 
recovered from this camera see paragraph 19.6. Both LOX tank camera 
frame rate measurements went to zero at 79 seconds. Because of this, it 
was not possible to determine if the No. 1 LOX tank camera moved In its 
canister at eject sIgnal. The camera cover ejection slgnal was glven 
at 160 seconds, but there +s no way to ascertaln that the covers opened. 

Camera eject signal occurred at 179.5 seconds. Separation camera purge 
was initiated on at 145.2 seconds and turned 

!! 
ff at 154.8 seconds. The 

purge and eject sphere pressure was 2079 N/cm (3015 psla) prlo to 
liftoff. The calculated pressure at e ect signal was 1633 N/c 
psia), i 

9 (2369 
This is more than the 762 N/cm (1105 psia) required to eject all . 

cameras. AS-503 Is the last flight to have these caIM)ras. 
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SECTION 6 

S-II PROPULSION 

6.1 SUMMARY 

The S-II propulsion system performed satisfactorily during the entire 
flight. Engine thrust, as determined by computer analysis of telemetered 
propulsion measurements at 61 seconds qfter Engine Start Cannand (ESC), 
was 0.04 percent above prediction. Total engine propellant flowrate was 
0.38 percent above and specific impulse 0.34 percent below pred!st!shs at 
this time slice. Average engine mixture ratio was Cl.69 percent above 
predicted. 

Engine No. 4 evidenced a change in performance level at approximately 200 
seconds after S-II ESC of approximately -6672 Newtons (-1500 lbf) thrust. 
At this time the exact nature of this shift has not been determined but 
Is receiving additlonal investigation. 

Engine No. 5 experienced a thrust level decrease of about 27,050 Newtons 
(6081 lbf) and propellant mixture ratlo change of -0.1 units coincident 
with the onset of the high amplitude 18 hertz oscillations (discussion of 
the 18 hertz oscillation problem is contained In Section 6A). Reglnning 
at 450 seconds engine No. 5 thrust chanrber pressure began oscillating at 
18 hertz. At 478 seconds the apparent amplitude of the oscillations was 
about 48.3 N/cm2 (70 psi) peak-to-peak. The oscillations dampened out 
about 4 seconds prior to S-II Engine Cutoff (ECO). Oscillations of this 
same frequency were also evident in LOX pump discharge pressure along 
wlth several other engine No. 5 parameters. 

Although the results of the evaluation are not conclusive, it appears that 
the oscillations were induced by the LOX pumps and possibly amplified by 
the center engine support structure. Self-induced LOX pwnp oscillations 
may be related to the low Engine Mixture Ratio (EMR) and low Net Positive 
Suction Pressure (NPSP) existing during this time period, although the 
NPSP is considerably above the level at which self drlven oscillations 
are norrally produced. Engine and pwnp tests to Investigate this 
possibility are being conducted at the englne manufacturer's test facility 
and at Huntsville. A recomnendatlon to Increase LOX tank ullage pressure 
for the latter portion of the S-II burn by cMnandlng the LOX regulator 
full open at S-II ESC + 98.6 seconds is being Implemented for AS-504. 
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The propellant management system met all performance requirements. System 
operation differed from previous flights since EMR control was open-loop 
versus closed-loop on AS-501 and AS-502. The EMR step from high to low 
EMR occurred at 443.45 seconds as comnanded by the Instrument Unit (JU). 
Engine cutoff, as sensed by the Launch Vehicle Digital Computer (LVCC), 
was at 524.04 seconds, with a burn time only 0.42 second longer than pre- 
dicted. Cutoff was initiated by the LOX lw level cutoff sensors located 
in the LOX tank sump, Residual propellants remaining in the tanks at S-II 
EC0 hignal were 3505 kilograms (7727 lbm) compared to a prediction of 3866 
kilograms (8524 lbm). 

The performance of the LOX and LH2 tank pressurization systems were satis- 
factory. AS-503 was the first flight using the dual sensing gage LH2 
vent valves. Ullage pressure in both tanks was more than adequate to 
meet ennine inlet NPSP requirements throughout mainstage. As on the two 
previous flights LOX ullage pressure dropped below the regulator band. 
This was expected as a result of operating at the low EMR used for this 
flight. The ullage pressure drop occurred earlier, however, than expected 
due to LOX surface agitation and subsequent ullage gas condensation caused 
by the 18 hertz oscillation. 

6.2 S-II CHILLDDWN AND BUILDUP TRANSIENT PERFORMANCE 

The prelaunch servicing operations satisfactorily accomplished the engine 
conditioning requirements. Thrust chamber temperatures were within 
predicted limits both at launch and S-II engine start as shown in Figure 
6-l. Chamber temperatures increased during S-IC boost at rates from 9.8 
to 11.8"K/min t17.7 to 21,2“F/min), which agrees closely with those 
experienced on previous flights. Engine Nn. 4 thrust chamber jacket 
temperature transducer indicated about 11°K (20°F) wanner than the other 
four engines due to poor thermal contact between the transducer and its 
mounting on the chamber jacket. This condition also occurred on one engine 
of AS-501 flight and several static firings and is of no consequence to 
normal system operation. 

Both temperature and pressure conditions of the J-2 engine start tanks 
were within the required prelaunch and engine start boxes as shown in 
Figure 6-2. Start tank temperatures at the conclusion of chilldown 
ranged front 83 to 95'K (-300 to -288OF) and were nearly identical to AS-501 
results. Start tank pressures at completion of the pressurizing operation 
nlere lower than those for AS-501 as a result of a 

"j 
usting the g 

P 
und 

supply regulator setting from 831 N/cd (1205 psia to 810 N/cm (1175 
psia). This lower pressurization level accomplished the desired ef;ect 
of increasing start.tank temperatures at end of pressurization over those 
obtained for AS-501. Start tank temperatures at engine start were 4.2OK 
(7.5OF) warmer than on the AS-501 flight. The ground supply regulator 
aad the lower setting on AS-502, but the planned temperature increase 
was offset by a lower than predicted start tank chilldwn caused by a 
Ground Support Equipment (GSE) heat exchanger malfunction. 
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Figure 6-l. S-II Thrust Chamber Jacket Temperature 

Except for engine No. 3, the start tank warmup rates during both orelaunch 
and S-IC boost were in good agreement with those for AS-501. Engine No. 
3 start tank pressure rise rate was about 35 percent less than the others, 
indicating that re?ief valve operation was occurring on this tank. 

All engin helium tank pressures were within the redline limit of 1931 to 
2379 N/cm 9 (2800 to 3450 psia) established for prelaunch pressurization. 
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Figure 6-2. S-II Engine Start Tank Performance 

prelaunch pressure levels were higher than for AS-502 due to 
a change of the regulator setting in the GSE pneuaatic serv tin system. 
This regulator setting was increased approximately 138 N/c 84 lo (2 psi) to 
insure meetin 
The helium in ection 3 

the minimum pressure redline of the helium injection bottle. 
system was reorf? ::ed to provide a higher flow rate 

to the LOX recirculation lines (see paragraph 6.8). The initial high 
pressurization levels in conjunction with a ressure increase due to 
warmup during prelaunch and S-IC boost, resu P ted in heliun tank pressures 
being near the upper limit of 2379 N/cm2 (3450 psfa) gt ESC. Engi;;,o. 
2 helium tank pressure exceeded this value by 28 N/cm (40 psi). 
high pressure did not adversely affect flight operations. 

The LOX and LH 
3 

recirculation systems used to chill the feed ducts, 
turbopumps, an other engine components performed satisfactorily. Pump 
inlet temperatures and pressures at englne start were well within the 
predicted as shown in Figure 6-3. 

Performance of the LOX recirculation system was considerably improved 
over that experienced on AS-502. The helium injection system that 
supplements natural convective LOX racirculation was modlffad for AS-503 
and subsequent stages to improve recirculation systam parformance (see para- 
graph 6.8). LOX recirculation system performance evinced during the AS-503 
Countdown Demonstration Test (CDDT) led to a revision of the LOX punrp discharge 
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temperature redllne limit from 97.6"K (-284.0°F) to 98.7'K (-282.O'F) 
maximum at -22 seconds. Changes lnstitirted on AS-503 and subsquent 
vahlcles also upgraded the ,K recirculation system perfonrnce, Improved 
vacuum ltne maintenance prsce ii ures, lower vacuum levels, and new design 
evacuation valyes reduced herlt leaks Into the system and resulted in 
improved LH2 pump inlet temperatures. 

S-II ESC was issued b 
Discharge Valve (STCV J 

the LVOC at 155.19 seconds, and the Start Tank 
solenoid actlvatlon signal occurred 1.0 second 

later. Major engine start event times are srnnnarired in Table 6-l. The 
thrust buildup profile of each J-2 englne is shown in Figure 6-4. All 
engines performed within the requlred thrust buildup envelope. S-11 
mainsta e, average time for englnes to reach 90 percent thrust, occurred 
at 158. 1 7 seconds, 3.28 seconds after ESC. The engine thrust levels were 
between 864,289 and 908,772 Newtons (194,300 and 204,300 lbf) prior to 
"HIGH EMR" command at 160.67 seconds. 

6.3 S-II MAIN STAGE PERFORMANCE 

Two analytirdl techniques were used tc evaluate the S-II stage propulsion 
system perforntance. The primary method, propulsion reconstruction analysis, 
used telemetered engine and stage data to calculate longitudinal thrust, 
stage mass flowrate and speclflc Impulse. The second method used was 
trajectory simulation which adjusted the pmpulsion reconstruction data 
using a differential correction procedure, This six-degrees-of-freedom 
trajectory simulation determlned adjustmerrss to thrust and mass flow 
historles to yleld a simulated trajectory which closely matched the 
observed postflight trajectory. 

Table 6-l. S-II En9ine Start Sequence Events 

EVENT 
TIME OF EVENT IN RANGE 1Im (SECONDS) 

ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE 5 

Encine Sta -t Command 155.19 155.19 155.19 155.19 155.19 

Start Tank Discharge 156.19 156.18 156,18 
Solenoid 

156.19 156.19 

Mainstage Control 156.63 156.63 156.63 
Solenoid 

156.65 156.64 

Main LOX Valve Open 158.90 158.90 158.81 158.81 158.94 

Mainstage OK 157.94 158.02 157.93 157.94 157.94 

90 Percent Thrust 158.64 158.50 158.58 158.26 158.35 
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Figure 6-4. S-II Engine Buildup Transients 

S-II stage performance durlng the h>gh EMR portion of the fllght was very 
close to predicted as shown in Flgure 6-5. At a time slice of ES6 +61 
seconds the total vehicle thrust was 5,086,888 Newtons (1.143.578 lbf), 
whlcn is only 1890 Newtons (425 lbf) or 0.04 percent above the flnal 
preflight prediction. Average englne specific Impulse was 4155.0 N-s/kg 
(423.7 lbf-s/lbm), or 0.34 percent below the predicted level. 
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Propellant flowrate tcs th? engines was 1224.3 kg/s(2699.2 lb;;&) which is 
0.38 percent above prediction, and the propellant mixture ratio was 5.56 
ta 1 or 0.69 percent ,in excess of prediction. 

The high to low EM;i step command was initlated by the IU at 443.45 seconds, 
and the Propellant Util1zatlon (PU) valves started sh:fting to the open 
position at 445 seconds. Actual EMR shift, as determined by engine 
thrust chamber pressures, occurred at 445.60 seconds. This actlon reduced 
the total vehicle thrust to 3.877.101 Newtons (871,607 lbf) a change of 
1.209.777 Newtons (271,969 lbf). Throughout the low mixture ratio portion 
of the flight the vehicle thrust was 74,654 Newtons (16,783 lbf) below 
the final flight prediction. An additional thrust loss of 27,050 Newtons 
(6081 lbf) is associated with the performance decrease of the center engine 
during the oscillation period (see Section 6A). The relatively large 
deviations, shown in Figure 6-5, between actual and predicted performance 
levels during low mixture ratio operation are considered to be the result 
of inaccurate predictions. Oevlations 4etween predicted and actual 
performance at low engine mixture ratios has been a problem on previous 
S-II flights. The S-II stage performance during the At-503 flight is In 
good agreement with the S-I!-6 vehicle performance during stage acceptance 
static testing. These are the only current examples of the 5,s to 4.5 
engine propellant mixture ratio excursion. 

Indlvidual J-2 englne d,\a is presented In Table 6-2 for the ESC + 610 
second time oqint. Very good correlation between prediction and flight 
is evidenced t/ tile generally low magnitude of the devlatlons. Flight 
data reconstructlon pracedures were directed toward matching the engine 
and stage acceptance specific impulse values while maintaining the engine 
flow and punp speed data zs a basel!ne. . 

Predicted average performance characteristics of the S-II stage prbpulslon 
system are compared in Table 6-3 with data obtained from the propulslan 
reconstruction and the trajectory simulation analyses. nesults of the 
trajectory simulation analysis indicate that the totrl average thrust and 
mass flowrate wera 0.63 percent and 0.41 percent above predicted values. 
Deviations of the simulated trajectory from the postflight observed 
trajectory were very small. Maximum variation I velocity and acceleretion 
were 1.1 m/s (3.6 ft/s) and 0.17 mis2 (0.56 ft/s 9 ). 

Data presented in Table 6-2 is actual flight data and has not been corrected 
to standard J-2 engine conditions. Data that has been corrected to standard 
J-2 engine conditions, through use of a computer program, shows that 
engine No. 1 thrust increased approximately 6672 Newtons (1500 lbf) over the 
stage acceptance levels and engine No. 3 decreased approximately 4448 Newtons 
(1000 lbf). These magnitudes were maintained throughout the S-11 burn and 
are considered normal test-to-test variations. 
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Several additional engine performance shifts of the in-run type were also 
observed durin 

7 
the S-II flight. Engine No. 1 exhibited approximately 30 

Gas Generatqr GG) system resistance shifts varying in magnitude from 3.4 
to 6.9 N/CR (5 to 10 psia) in main thrust chamber pressure. These were 
dispersed throughout the S-II operation. Gas generator shifts of this type 
are common to J-2 engine operation and are not considered to be detrimental 
to engine or stage performance. 

Engine No. 4 evidenced a change in performance level at approximately 200 
seconds after ESC of approximately -6672 Newtons (-15LO ?bf) thrust and 
-0.03 mixture ratio unit. This is being investigated as a possible change 
in Ihe fuel pump primary seal and/or turbine seal leakage rate. An 
additional factor being examined is the possibility of changes in the fuel 
pump "alance piston flowrate. At this time the exact nature of this per- 
formance shift has not been determined. 

Engine No. 5 experienced a thrust level decrease of about 27,050 Newtons 
(6081 lbf) and propellant mixture rat"lo change of -0.1 units coincide:lt 
with the onset of the high amplitude 18 hertz oscillations (see Section 6A). 
Beginning at 450 seconds, engine No. 5 thrust chamber pressure began 
oscillating at 18 hertz with an apparent amplitude of about 10.3 N/cm2 
(15 psi) peak-to-peak. At 478 seconds, apparent amplitude of these 
oscillations increased from ti,is value to approximately 48.3 N/cm2 (70 psi) 
peak-to-peak. The oscill;.;ons then dampened out 4 seconds prior to S-II 
ECO. Oscillations of this same frequency were also evident in the LOX 
pump discharqe pressure along with other engine No. 5 parameters (Figures 
6-6 and 6-7). The LOX pump inlet pressure measurement frequency response 
(reccrded at 12 sps) was inadequate to conclusively verify an 18 hertz 
wmponent. It appears that the oscillations are induced by the ki:fpump 
and possibly amplified by the center engine support stru::ure. - 
induced LOX pump oscillations may be related to the low EMR and low NPSP 
existing Actring this time period, although the NPSP is considerably above 
the level at which s?lf driven oscillations are normally produced. A 
configuration difference between S-II-3 and preceeding S-II flight stages 
was the removal of the radial tank baffles and upper screens from the LOX 
tank. At this time, it is not known whether the configuration change 
influenced the occurrence of the 18 hertz oscillations. 

The 18 hertz oscillations, as indicated by engine No. 5 data, are considered 
realistic from a frequency standpoint. However, the amplitudes at 18 
hertz indicated by the LOX feed system parameters and the main chamber 
pressure are questionable since they are affected by the geometry and 
conditions existing at the transducer taps and/or in the pressure trans- 
mission lines. It has been determined that the center engine LOX pump 
inlet pressure measurement (static level) 4s affected by disturbance from 
the,pump during oscillations. 
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Figure 6-6. Engine No. 5 Pressure Paralneter After m Step 

Reviews of previous flight and static firing data (including Battleship) 
indicate the presence of 18 hertz oscillations but at low amplitudes. 
AS-563 apparent amplitudes were considerably greater than those of previous 
operations. 

Two potential COFteCtive aCtiOnS fOF AS-564 are aS fOlloWs: 

a. Change the engine mixture ratio. 

b. Increase LOX NPSP. 

In effect these changes are being accomplished. AS-564 will operate with 
a closed loop PU system which will provide a higher EMR (4.7) duringthe 
latter part of flight as cmpared to the AS-563 EMR of 4.3. The higher 
mixture ratio will preclude the LOX ullage pressure and NPSP decay that 
occurred on AS-5C3. A further incrvcsc in LUX NPSF is bein 
for AS-504 by step pressurization (nfer to paragraph 6.6.2 B 

lmplc#lcnted 
. A corrparison 

of LOX NPSP for all S-II flight stages is shown OD Figure 6-8. The most 
significant 18 hertz oscillations are shown to have occurred in the law 
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EMR portion of flight where NPSP is dropping and is in the range of 
approximately 17.2 to 17.9 N/cm2 (25 to 26 psi). Operating at higher LOX 
pump NPSP levels, such as occurs during the first portion of flight, has 
not resulted in significant amplitudes at 18 hertz frequencies. 

To understand better the engine interaction with the variables of NPSP 
and mixture ratio, Rocket-line is conducting a single engine test program 
with J-2 engine 5025. The program will determine whether the J-2 engine 
generates and/or amplifies disturbances in the 18 hertz frequency range 
at various mixture ratios and LOX pump NP§P levels. Results of the test 
program wilj,be used tn determine critical NPSP and/or engine mixture 
catios (if any). 
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During AS-502 flight, failure of an Au-ted Spark Igniter (ASI) fuel 
: line resulted in premature shutdown of S-II engine No. 2. Engine No. 3 

was lost also when its LOX prevalve was inadvertently closed by the shut- 
L down of engine No. 2. Consequently, redesigned configurations for both 

the fuel and LOX AS1 supply lines were incorporated for AS-503 and subse- 
quent vehicles. The redesigned fuel and LOX AS1 line configurations are 
shown in Section 7, Figure 7-8 and 7-9, respectively. Postflight data 

s analysis indicates that the AS-503 PCI systems performed satisfactorily. 
The AS1 supply line and thrust chtier temperatures were norsw& and AS1 
line vibrations were generally as expected. 

Y 
6.4 S-II STAGE SHUTDOWN TRANSIENT PERFORMANCE 

S-II engine shutdown sequence was initiated by stage LOX low level sensor 
at 524.02 seconds, and 0.02 second later (524.04 seconds) the LVDC sensed' 
EC0 and started Time Base 4 (Tq). At the time of cutoff, all J-2 engines 
were operating at the extreme low mixture ratio level and individual 
thrusts ranged from a high of 795,756 Newtons (178,893 lbf) to a lam of 
752,074 Newtons (169,073 lbf). Thrust decay transients of the four outboard 
engines were completely naninal. The center engine, however, exhibited an 
extended period of thrust below the 10 percent level. This resulted in 
the 5 percent stage thrust level occurring 0.60 second after zutoff 
signal in contrast to a value of 0.41 second for AS-501 fligh?. Figure: 
6-9 presents the individual engine cutoff transients. 
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The total stage thrust at ECD was 3,849,189 Newtons (865,332 lbf). The 
stage thrust decay is presented in Figure 6-10. Vehicle cutoff impulse 
through the 5 ercent stage thrust level is estfmated to be 760,646 N-s 
(171,000 lbf-s . P For the period from cutoff until S-II/S-IV6 separation 
at 524.90 seconds, a total cutoff impulse of 813,491 N-s (182,880 lbf-s) 
is indicated which corresponds to an equivalent velocity change of 3.8 
m/s (12.5 ft/s). Guidance data indicates the velocity increme;,t for this 
time period to be 3.44 m/s (11.29 ft/s). Comparisons of flight and 
predicted values of cutoff impulse and velocity change are silown in 
Table 6-4. 

6.5 S-II STAGE PROPELLANT MANAGEMENT 

The propellant management system performed satisfactorily during the 
propellant loading operation and aJequately controlled propellant usage 
during flight. The S-II stage of AS-5D3 was the first to employ an 
open-loop PU system that received fixed commands from the IU far changing 
EMR rather than feedback signals from the tank mass probes. 

The facility Propellant Tanking Control System (PTCS) together with the 
propellant management system successfully accomplished S-II loading and 
replenishment. Best estimates of propellant loaded in the S-II tanks, 
based on flowmeter data, are 359,322 kilograms (792,170 lbm) LOX and 
70,160 kilograms (154,676 lbm) LH2. These propellants were 0.46 percent 
by mass higher than predicted for LOX and 0.14 percent less than predicted 
for LH2. 

During the prelaunch auto-sequence, the PTCS did not indicate 100 t 0.2 
percent pressurized LH2 mass at the expected time, thereby delaying the 
stage LH fill valve closure command by about 7 seconds. In addition, 
the LH2 P ill valve closed approximately 5 seconds slower prior to launch 
than it did during CDDT. Valve closure time was 19.9 seconds compared to 
a specification requirement of 20 seconds maximm. The closed position 
was attained at liftoff -34 seconds. This was just 4 seconds prior 
to the S-II "ready-for-launch" interlock which is required at liftoff 
-30 seconds. This slower closure time is attributed to relatively 
colder gas present in the valve actuator due to the launch countdown 
being approximately two hours longer than the CDDT. Fill valve actuation 
time is extremely sensitive to the temperature of the gas 
from the op:ning side of the actuator through a 2.03 x lo- s 

eing vented 
meters (0.008 

in.) cortrol orifice. This marginal condition will be relieved for AS-504 
and subsequent vehicles by an earlier closing of the fill valves at the 
start of auto-sequence. 

The "HIGH EMR" command was received 5.5 seconds after ESC causing the 
PU valves to move from the nominal engine start positiorl of 5.0 EMR to 
the closed position, providing a nominal EMR of 5.5 for the first phase 
of S-II Programned Mixture Ratio (rMR). "LOW EMR" was commanded by the 
I U at 443.45 seconds versus the originally planned time of 438.19 seconds. 
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Tab& 6-4. S-II Cutoff Impulse 

FLIGHT PERCENT DEVIATIOW 
PARMETER PREDICTED FROM PREDICTED 

ENGINE 6UID. MTA ENGINE 6UID. MTA 

Cutoff N-s 822,018 813,491 731,621 -1.1 -11.0 
Inpulse (lbf-s) 184,797 182,880 164,475 

Velocity m/s 13:: 1::5" 1::: -0.9 -10.9 
c Increase (ft/s) 

This later than predicted PU valve step was due to changes in IU pro- 
gramnlng. The PU valves responded 1.55 seconds after IU cmnd, with a 
slew time of about 1.8 seconds to the low EMR stop (open position) 
where the valves remained for the rest of S-II boost. Fl un 6-11 Ives 
a comparison of actual versus predicted S-11 PU valve pos P tion for Ils -503 
flight. 
(+45 lbm) 

The open loop PU error at EC0 was approximately +20.4 kilograms 
LH2 versus a 3 sigma tolerance of approxinMely t1134 kilograms 

(f2500 1 bm) . 

The PU control system responded as predicted during flight and no 
instabilities were noted. PU valve response to open-loop IU colrnrndr 
was evaluated by comparing valve loop characteristics obtained from 
flight data with results obtained front tests of an actual PU computer 
ir! a breadboard setup using five servoactuators and an analog computer 
to simulate vehicle conditions. The comparison sham PU valve response 
times during flight to be within 0.1 second of the simulated times, 
which is essentially equal to the telanctry resolution capability for 
PU valve position measurements. 

During AS-503 CDDT sly check, the engine No. 5 PU valve failed to move 
from the null position when the "PU activate" connand was given. At the 
same time the PU package voltage dropped steadily frm 115 vat to 
approximately 95 vat. The valve responded sluggishly to the second slew 
command but operated normally during all subsequent CDDT slew checks. 
The PU computer and the engine No. 5 PU valve were replaced before flight. 

At 3 hours 30 minutes before AS-503 launch, the engine No. 5 PU valve 
replacement also responded sluggishly to the first slew check. Hmever, 
upon subsequent slew checks and during flight, the valve responctJ 
normally. Unlike the CDDT failure, the PU package voltage rm; ined 
constant throughout launch preparations and flight. 
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Figure 6-l?. S-II PU Valve Position 

The PU valve removed after CDDT was disassembled by Rocketdyne and found 
to have insufficient axial overtravel in the actuator motor shaft plus 
misalignment of the motor end cap. Under cryogenic conditions, differential 
contraction caused excessive loading of motor bearings causing mechanical 
binding. Tests are now underway on the S-II Cattleship Stage to develop 
field prccedures that would verify correct PU valve operation on all 
existing engines. Actuator inspection procedures will be revised and 
existing stock and new production valves will be acceptance-tested to 
meet more stringent environmental requirements. 

En ine shutdown sequence vJas initiated by the LOX low level sensors at 
52 % .D2 seconds. Based on point level sensor data, propellant residuals 
(mass in tanks and sumps) at EC0 signal were 1544 kilograms (3405 lbm) 
LOX and 1960 kilograms (4322 lbm) LH2 versus the predicted of 1905 
kilograms (4200 lbm) LOX and 1961 kilograms (4324 lbm) LH2. 

Table 6-5 presents a comparison of propellant masses as measured by the 
PU probes, flowmeters and point level sensors. The best estimate of 5-I' 
stage propellant mass is based on integration of ilowmeter data, utilizing 
propellant resCduals determined from the point level sensor data. 
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Table 6-5. S-II Propellant Hats History 

WENT 

UwiI TIM 

5-11 
LX 155.19 

111 ENR 5*1ect 
160.67 

PU Shift (off high 

stop) 445.00 

PnfDIC?LD N srsttl ’ 
‘!%tNz” 

P!Yllll St1114 PWHLUBV YyMtNl 
UNITS (FINC r*ss, MhLVSIS 5cst f SlIIytE 

LOI L"Z LOX 1*2 LO1 L*t LO1 LM2 LOI W 

IO.%? :ss.m 0.w 351.03 69.999 366.5% 69.W 
(15s.7&3:(797.006) ' (153.l9~(R?J.577, (194.010) (n7.006) Ll53.190 

On the basis of a statistical analysis using data from PU capacitance 
probes, flowmeters, point level sensors, and a six-degree-of-freedom 
trajectory simulation, the total launch vehicle masses 8t S-II 1 nition 
and cutoff were estimated to be 645,610 kilograms (1,423,327 lbm s and 
212,860 kilo9rams (469,275 lbm), respettlvely. These values can be 
compared with a mass at ignition of 645 610 kilograms (1,423,327 lbm) 
and a cutoff inass of 212,799 kilograms 1469,141 lbm) for a trajectory 
simulation best fitting the observed postflight trajectory. 

6.6 S-II PRESSURIZATION SYSTEMS 

The function of the S-II pressurization systems is to provide the necessary 
positive pressure to the 3-2 engines propellant pwnps and to increase 
the structural integrity of the tanks. Prior to launch, the propellant 
tanks are prepressurired by Gaseous Helium (GHe) supplied from the GSE. 
During powered flight of the S-II stage, the LOX tank Is pressurized by 
90X routed from the LOX heat exchangers. The LH2 tank is pressurized 
during flight by Gaseous Hydrogen (GH2) tapped fran the thrust chalnber 
hydrogen injector manifold. 

6.6.1 S-II Fuel Pressurization System 

Prepressurization of the LH2 tank was initiated upon closgre of the vent 
valves at -97 seconds and an ullage pressure of 24.0 N/cm (34.8 psia) 
was obtained in approximately 35 seconds. Figure 6-12 presents actual 
and predicted tank ullage pressures from the beginning of prepressurization 
through S-II ECO. 

AS-503 was the first flight using dual sensing gage LH2 vent valves. 
During S-IC boost the LH2 tank vent val es were kept In the low differential 
pressure vent mode of 19.0 to 20.3 N/cm s (27.5 to 29.5 psid) as referenced 
to the vent valve sense line. The first vent cycle occurred a 58.04 
seconds when the tank ullage pressure had decayed to 22.5 N/cm h (32.6 psia). 
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15 

There were five vent cycle events with the No. 2 vent valve during S-IC 
boost phase; the No. 1 vent valve did not open. When vent valve No. 2 
final reseat occurred at 113.53 seconds, the ullage pressure was 19.5 
N/cm2 (28.3 psia) and remained essentially constant until S-II engine 
start. 

At engine start the LH2 vent valves were switched to high ressure vent 
mode which limits the maximum ullage pressure to 22.8 N/cm s (33.0 psld), 
referenced to the vent valve sense line. From ESC until step pressuri- 
zation, the ullage pressure was maintained wlthin the range of 19.6 to 
20.7 N/cm2 (28.5 to 30.0 psia) by the LH2 tank pressure regulator. This 

open as p o ramned at 453.78 seconds and ullage 
21.6 N/cm $7 31.2 psia) at S-II ECO. 

regulator was stepped 
pressure increased to 

Figure 6-13 shows LH 
NPSP. The NPSP supp ? i 
the S-II burn phase. 

pump inlet temperature, total inlet pressure and 
ed to the engines was close to predicted throughout 

6.6.2 S-II LOX Pressurization System 

Following LOX tank chilldown the vent valves were c osed at -187 seconds 
and the LOX tank ullage prepressurized to 26.5 N/c 3 (38.4 psia) in 
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approximately 70 seconds. One prepressurlxatlon makeup cycle was required 
after which the ullage pressure stabilized at 26.5 N/cm2 (38.4 psla) and 
remained essentially constant until englne start. Figure 6-14 presents 
the LOX tank ullage pressure as compared to predicted from prepressurltatton 
until S-II ECO. 

Wfth the exception of the characteristic pressure slmp associated with 
S-II engine start, the LOX tank ulla e pressure re?dlned within the 
regulator range of 21.8 to 25.9 N/c 9 (36.0 to 37.5 psia) during S-II burn 
until low EMR shift. The ullage pressurant gas supplied by the engine 
heat exchangers is marginal at low EMR, and althou h the LOX tank pressure 
regulator opened to Its maximum position at about ? 80 seconds, ullage 
pressure gradually decreased to 22.5 N/cm2 (32.6 psia) at ECO. Although 
tank ullage pressure dropped further below the regulator range than on 
the two previous flights, it was adequate to meet the engine inlet NPSP 
requirements. The LOX pump inlet temperature, total inlet pressure, arrd 
NPSP are shown in Figure 6-15. The NPSP supplled exceeded that required 
throughout S-II powered flight. 

The 18 hertz oscillations had two separate but related effects on the 
pressurization system: 

a. The engine inlet LOX temperature was 1.3OK (2.4OF) higher than predicted 
at cutoff. 

RAME TIM. SECONDS 

Figure 6-14. S-II LOX Tank Ullage Pressure 
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b. The LOX tank ullage pressure decayed 1.8 N/cm* (2.7 psi) more than 
predicted (based on S-II-6 static firing results). 

The warmer LOX inlet temperature was attributed to surface agitation. 
Agitation tends to break up the stable "hot" LOX layer at the surface and 
consequently brings cold LOX in contact with the GOX precsurant, thereby 
causing condensation of the GOX. The extra heat added to the LCX by con- 
densation plus the heat normally contained in the LOX residual was 
distributed int? the usable LOX by the oscillation, thereby raising the 
engine inlet LOX temperature near the end of the S-II portion of flight. 

This condensation of GOX pressurant caused a more rapid ullage pressure 
decay then predicted. When the ullage pressure decayed to approximately 
24.2 N/cm* (36 psia), the GOX regulator went full open in an effort to 
maintain ullage pressure. This high flow demand at low EHR causes the 
output temperature of the GOX heat exchanger on the J-2 engine to drop to 
saturation temperature. This operating point of the heat exchanger does 
not provide adequate volumetric flow to maintain ullage pressure; there- 
fore the ullage pressure decayed even more rapidly. The main effect of 
the oscillation was to cause the full-open condition of the regulator 
earlier in the flight, thereby resulting in the lower end-boost ullage 
pressure. 

Eien though the ullage pressure was less than expected and the LOX inlet 
temperaLure was warmer than expected, engine NPSP requirements were 
satisfied. For AS-504 and subsequent stages it has been proposed to 
institute step pressurization for the LOX tank at Tg + 100 seconds (f-11 
ESC + 98.6 seconds). This will permit the LOX ullage p~+ssure to be 
raised to the vent valve range before that pressure decay associated with 
low EMR operation takes place. The net effect will be an increase in LOX 
NPSP for the latter portion of S-II burn. This modification was successfully 
tested during S-II-7 acceptance test and will be incorporated for As-504. 

There were some pronounced steps in the position of the LOX ta+ pressure 
regulator during the S-II burr phase. It has been verified that similar 
regulator step changes occurred during S-II-3 and S-II-4 static firings. 
No detrimental effects on pressurization system performance have resulted 
from this type of regulator operation. It is concluded that regulator 
performance was acceptable and satisfactory during As-503 fliqht. 

6.7 S-II PNEUMATIC CONTROL PRESSURE SYSTEM 

Performance of the S-II pneumatic control pressure system was satisfactory. 
Figure 6-16 shows main.receiver pressure and regulator outlet pressure of 
the system from before liftoff until S-II ECO. The main receiver pressure 
was well above the predicted minimum performance limit. The actual data 
show receiver pressure to have a lower rate of decay than predicted, 
indicating that system leakage was less than expected. The regulator outlet 
pressure was within a very narrow band of 486 to 493 N/cm* (705 to 715 psia) 
except during actuation of the propel1 ant recirculation valves and engine 
prevalves. 
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Figure 6-16. S-II Pneumatic Control Pressure 

During launch, the Marshall Space Flight Center Launch Information Exchange 
Facility (MSFC LIEF) propulsion console lights indicated that engine No. 
4 LH2 recirculation punp discharge valve stayed open throughout S-II burn. 
It was determined that this was not an instrumentation problem. Evaluation 
of valve discrete data shows that the open position switch did not drop 
out but the closed position switch did pick up, indicating the valve had 
closed. The open and closed position switches are activated by the same 
linkage for each valve, and it is concluded that the engine No. 4 valve 
actually closed. For the above reasons, anti because these position switches 
have a past history of failure, it has been concluded that this erroneous 
indication is the result of a malfunction of the open position switch. 
Improved switches have been installed on S-II-4 and are scheduled for 
subsequent stages. 
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6.8 S-II HELIUM INJECTION SYSTEM 

Operating performance of the helix injection system was satisfactory 
and in good agreement with predictions. Helium injected into the LOX 
recirculation lines supplemented natural themopmping and successfully 
maintained the temperature of the LOX feed system within the required . 

iFi:Sftoff and at ESC the pressure was 655 N/cm (950 psia). 
The supply bottle was pressurized to 2$06 N/cm2 (3200 psia) prior 

From this 
usage, tile average helix flowrate was determined to be 1.93 SCMM (68 
SUM). 

During AS-502 prelaunch operations, difficulties were experienced in 
maintaining engines No. 3 and 4 LOX punp discharge temperatures below 
the launch redlines. To increase recirculation system performance, the 
following procedural and hardware changes to the heliun injection system 
were incorporated for AS-503 and subsequent vehicles. 

a. Helium injection system total flow was increased from 1.13 to 1.70 
SCf+l (40 to 60 SCFM) to 1.42 to 1.98 SCOW (50 to 70 SCFM) by increasing 
the primary orifice size. 

b. Screens were added upstream cf each injection orifice. 

,: I 1 
C. Checkout procedures were revised in order to assure even heliun flaw 

distribution to all engines. 

d. Solenoid valves outlet pressure instrumentation and solenoid valves 
outlet pr&sure redline values were deleted. 

e. Primary orifice outlet pressure instrumentation was added and 
established as a redline measurement from liftoff -30 minutes to 
liftoff -15 minutes. Its redline value is 138 N/cm2 (200 psia) to 
207 N/cm2 (300 psia). 

f. The supply bottle pressure redline value was changed from 1999 to 2389 
N/cm2 (2900 to 3465 psia) to 1931 to 2389 N/an2 (2800 to 3465 psia). 

: 

. 
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SECTION 6A 

STRUCTURAL RESPONSE TO S-II ENGINE OSCILLATIONS 

6A.l SUMMARY 

The pressure gauges in the S-II stage propulsion system and tne acceler- 
ometers at certain structural locations showed oscillations during the 
latter portion of S-II powered flight. Oscillations of about 18 hertz 
were evident in engine No. 5 (center engine) parameters beginning at 
approximately 450 seconds. Amplitude of the center engine oscillations 
began increasing at about 478 seconds, as illustrated by the engine 
chamber pressure data in Figure 6A-1. An 18 hertz response in the S-II 
crossbeam region peaked at 482 seconds which showed a like trend of 
amplitude and frequency to that of the center engine chamber pressure. 
Accelerations were at much smaller amplitudes in the outboard engines at 
18 hertz and chamber pressures were in the noise level. Accelerations 
were noted in the spacecraft flight data of approximately 9 hertz peaking 
at 493 seconds and another of approximately 11 hertz peaking at 510 
seconds. Chamber pressures were well within the noise level for these 
two frequency trends. 

6A.2 S-II STAGE STRUCTURAL RESPONSE 

Acceleration amplitudes of the S-II stage in the 18 hertz region cannot 
be accurately determined from flight data because of the rolloff 
characteristics of the instrumentation. The accelerometers were only 
accurate in amplitude at frequencies from 0 to 6.5 hertz and the response 
characteristics rolled off sharply above this frequency. In Figures 
6A-1 and 6A-2, the accelerations and chamber pressures shown are results 
of a Power Spectral Density (PSD) analysis of S-second slice times in the 
flight time of interest. Amplitudes of the accelerations are noted 1s 
uncorrected amplitudes because of the rolloff problem. However, the 
frequency and amplitude trend shows the high oscillations in engine chamber 
pressure and crossbeam accelerations and their correlations. It appears 
the engine chamber pressure or forcing function is close to the cross- 
beam natural frequency but not necessarily following the crossbeam 
frequency. This is evident in both the measured flight data and the 
calculated data. Both Dynamic Test Vehicle (DTV) data and analytical 
frequency calculations show that the crossbeam frequency was almost 
constant with time. The chamber pressure oscillations frequency seemed 

6A-1 
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to be somewhat erratic, crossing the frequency (approximately 18 he:tz) 
of the center engine support structure at least twice and separating in 
the latter part of flight (see Figure 6A-3). 

The S-II stage thrust structure including the center engine crossbeam is 
shown in Figure 6A-4. This figure shows also the thrust structure 
differences between the S-II-3 and S-II-4 stages. The modal frequency 
of the S-II-4 crossbeam is approximately 17 hertz. 

The evaluation to date has not concluded a definite cause of the large 
magnitude oscillations. However, the data does give some indications 
that it is not classical POGO (a fluid loop feedback through the tanks 
and propellant lines). The ratio of discharge pressure to pump inlet 
pressure as measured on the AS-503 flight were greater than that shown 
by previous test results by more than an order of magnitude. Another 
reason that this was probably not a line dominated oscillation is the 
fact that the frequency of engine chamber pressure was increasing while 
Net Positive Suction Pressure (NPSP) was decreasing during the time of 
interest. Line frequencies should decrease with decreasing NPSP. The 
J-2 engine LOX pump has demonstrated a susceptibility to small amplitude 
oscillations between 15 and 20 hertz independent of the support structure 
on which the engine is mounted when operating at certain NPSP values. At 
this point of the evaluation , it appears that this self induced pump 
oscillation of the center engine was initiated or greatly influenced by the 
NPSP and was magnified by the local center engine support structure (cross- 
beam) which has a modal frequency of approximately 18 hertz. Similar 
oscillations of smaller magnitudes were seen in AS-501 and AS-502 data at 
approximately the same LOX tank liquid levels and NPSP values. No conclusion 
can be made at this time as to the exact cause of the 18 hertz phenomenon, 

c Flight and test data evaluation and analytical investigations continue. 

6A.3 SPACECRAFT STRUCTWK RESPONSE 

The 8 and 11 hertz oscillation time histories measured at the Comnand 
Module (CM) are shown in Figure 6A-5. The 8 hertz response at to.06 g's 
agrees in time with that reported by the astronaut. The 8 and 11 hertz 
response corresponds to the first and second longitudinal mode of the 
vehicle at this flight time. These oscillations are forced responses and 
are caused by uncoupled oscillatory thrust well within the noise level 
of the engines. No 18 hertz response was elident in spacecraft data. 

6A.4 RESPONSE THRUST CALCULATIONS 

Since it was impossible to ascertain acceleration levels in the S-II thrust 
structure in the 18 hertz frequency range due to the rolloff characteristics 
of the accelerometers, calculations were made of these g levels.by 
analytically forcing the vehicle with the oscillatory thrust from valid 
engine chamber pressure measurements. This computation resulted in an 
engine gimbal block acceleration of f3.5 g's as shown in Table 6A-1. 
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Table EiA-1. Calculated Longitudinal Structural Response 
and Thrust Oscillations king AS-503 Measurced Data 

FREQUENCY MOST VALID AS-503 1 RESULTS OF RESPONSE/THRUST CALCULATIONS 
FLIGHT DATA 1 

17-19 hertz s-11 Center Engine 1. The measured chamber pressure 
Chamber Pressure produces an oscillating thrust of 

2. 
S&241 Newtcns (t5000 lbf). 
Forcing the i7.7 hertz mode (c/c, 
= 1.5 percent) with t5000 lbf 
gives a calculated thrust pad 
acceleration of f 3.5 g's. 

3-9 hertz Accelerometers 1. The measured acceleration in the 
in the Command 
Module (CM) 

command module is + .06 g's at 8-9 
hertz. 

2. The calculated force level required 
to give f .06 g's CM response in 
the 8.6 hertz mode (c/cc = 0.8 
percent) is t667 Newtons (2150 lbf). 

10-11 hertz Accelerometers 1. The measured acceleration in the 
intheCM * command module is f .05 g's at 

lo-11 hertz. 
2. The calculated force level required 

to give f .05 g's CM response in 
the 11.0 hertz mode (c/cc = 0.8 
percent) is f 845 Newtons (f190 
lbf). 

This loading, combined with thrust loading on the crossbeam, gave only 82 
percent of the design load. The crossbeam is the most critical load 
carrying structure at this time of flight, therefore, a very adequate 
structural msrgin was maintained during the S-II oscillation phenomenon. 

The 8 and 11 hertz accelerations measured in the CM were valid, however, 
engine chamber pressure amplitudes were in the noise level and could not 
be determined. This chamber pressure level was determined analytically 
by back calculating the oscillatory engine thrust required to reproduce 
the measured responses in the CM. This resulted in a total oscillatory 
thrust uf + 667 Newtons (t 150 lbf) for the 8 hertz response and 2 845 
Newtons (2 190 lbf) for the 11 hertz response 3s shown in Table 6A-1. 
The 8 and 11 hertz oscillations were insignificant from a structural loads 
consideration. 
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SECTION 7 

S-IVB PROPULSION 

7.1 SUMMARY 

The J-2 engine operated satisfactorily throughout the operational phase 
of first and second burn with normal shutdowns. S-IVB first burn time 
was 156.69 seconds which was 2.11 seconds less than predicted. The 
engine performance during first burn, as determined from standard altitude 
reconstruction analysis, deviated from the predicted ESC + 80-second time 
slice by +O.Ol percent for thrust and +0.40 percent for specific impulse. 
The S.-IVB stage first burn EC0 was initiated by the Launch Vehicle Digital 
Computer (LVDC) at 684.98 seconds. 

The Continuous Vent S stem 
!! 

(CVS) adequately regulated LH2 tank ullage 
pressure at 13.4 N/cm (19.5 psia) during orbit, and the Oxygen/Hydrogen 
(02/H2) Burner, in its first flight operation, satisfactorily achieved 
LH2 tank repressurization for restart. Repressurization of the LOX tank 
was not required. 

Engine restart conditions were within specified limits. The restart at 
full open Propellant Utilization (PU) valve position was successful and 
there were no indications of overtemperature conditions in the gas 
generator. S-IVB second burn time was 317.72 seconds which was 2.07 
seconds longer than predicted. The engine performance durinq second burn, 
as determined from the standard altitude reconstruction analysis, deviated 
from the predicted ESC + 80-second time slice by -0.03 percent for thrust 
and +0.28 percent for specific impulse. The S-IVB stage EC0 was initiated 

+ -i $^ 
by the LVDC at 10,555.51 seconds. 

Subsequent to second burn, the stage propellant tanks were safed satisfacto- 
rily, with sufficient impulse being derived from the LOX dump to impart 20.4 
m/s (66.9 ft/s) to stage velocity. This slowed the vehicle down and was a 
major contributing factor toward avoiding lunar ir+ipact and establishing a 
solar orbit. 

The instrumentation added to this sta e to monitor the effectiveness of 
9 the engine's Augnented Spark Igniter ASI) line modification showed no 

indications of line failure on this engine. 

Special instrumentation added to the cold helium system to detect any leak- 
age in the system indicated that no leakage was observed on AS-503. Sphere 
temperature and pressue data likewise indicated no leakage. 

7-l 



7.2 S-IVB CHILLDOWN AND BUI!,DUP TRANSIENT PERFORMANCE FOR FIRST BURN 

The propellant recirculation systems performed satisfactorily, meeting 
start and run box requirements for fuel and LOX as shown in Figure 7-1. 

The thrust chamber temperature at launch was well below the maximum allw- 
able redline lim't of 172°K (-150'F). At S-IVB first burn ES' the 
temperature was 158.2"K (-175"Fj, which is within the require, t of 166 
+ 27.5"K (-160.9 + 49.5"F) as shown in Figure 7-2. 

The chilldown and loading of the engine Gaseous Hydrogen (GH2) start sphere 
and pneumatic control sphere prio r to liftoff were satisfactory. Figure 
7-3 shows the start tank performance for first burn. At first ESC the 
start tank conditions were within the required S-IVB region of 896.3 t 
68.9 N/cm2 and 133.2 + 44.4"K (1300 f 100 osia and -220 t 8O'F) for initial 
start. The discharge was completed and the refill initiated at first burn 
ESC +3.86 seconds. The refill was satisfactory and in qood agreement with 
the acceptance test. 

As a modification on this stage, the J-2 control he1 iun sphere was tied 
into the stage LOX and LH ambient helium repressurization spheres as shwn 
in Figure 7-4. This resu P ted in a continual replenishing of the J-2 
control sphere in flight. The engine control bottle pressura and 
temperature at liftoff were 2034 N/cm2 (2950 psia) and 152.8'K (-184.6'F), 
respectively. LOX and LH2 systems chilldown, which were continuous from 
before liftoff until just prior to S-IVB first burn ESC were satisfactory. 
At ESC the LOX pump inlet temperature was 91.1'K (-295.7'F) and the LH2 
pump inlet temperature was 20.82"K (-422.2"F). 

The first Lurn start transient was satisfactory. The thrust builduo was 
within the limits set by the engine manufacturer. Fester thrust buildup 
to the 90 percent level as compared to the acceptance test results was 
observed on this flight and is shwn in Figure 7-5. This buildup was 
similar to the thrust buildups observed on AS-501 and 502. Table 7-l 
shows the major sequences of events durinq the buildup transients. The PU 
valve was in proper null position prior to first start. The total impulse 
from STDV to STDV +2.5 seconds was 820,972 N-s (184,562 lbf-s) for first 
start. This was greater than the value of 671,681 N-s (151,000 lbf-s) 
obtained during the same interval for the acceptance test. 

First burn fuel lead generally followed the predicted pattern and resulted 
in satisfactory conditions as indicated by the thrust chamber temperatures 
and the associated fuel injector temperatures. 

7.3 S-IVB MAIN STAGE PERFORMANCE FOR FIRST BURN 

Two analytical techniques were employed in evaluating S-iYB stage propulsion 
system performance. The primary method, orooulsion reconstruction analysis, 
utilized telemetered engine and stage data to compute longitudinal thrust, 
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Figure 7-2. S-IVB Thrust Chamber Temperature - First Burn 

7-4 



TERER4TURE. "F 

-300 -280 -260 -240 -220 1000 a -200 -IN0 -160 

I .Moo mo. 1fT 
900 r SC \ TESC 

-1100 
SAFE RESTART ENVELOPE a 

aNl 
p200 

WV 
I I I I I I I 

1100 

EC0 

I loo0 

START TlYlK TErPEMTW, OK 

Figure 7-3. S-IVB Start lank Performance - First Burn 

specific impulse, and stage mass flowrate. In the second method, flight 
simulation, a five-degree-of-freedom trajectory simulation was Vlized 
to fit propulsion reconstruction analysis results to the trajectory. Using 
a differential correctIon procedure, this simulation determined adjustments 
to the reconstruction analysis of thrust and lnass flaw histories to yield 
a simulated tra.jectory which closely matched the observed postflight 
trajectory. 

The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A canparison of predicted and 
actual performance of thrust, total flowrate, specific impulse, and mixture 
ratio versus time is shown in Figure 7-6. Table 7-2 shows the specific 
impulse, flowrates and mixture ratio deviations from the predicted at the 
ESC +80-second time slice. This time slice performance is the standardized 
altitude performance which is comparable to engine acceptance tests. The 
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Figure 7-4. J-Z Engine Control and Stage Ambient Bottles Tie-In Schematic 

BO-second time slice performance for first burn thrust was 0.01 percent 
greater than predicted. Specific impulse performance for first bum was 
0.40 percent greater than predicted. 

The overall propulsion reconstruction of longitudinal thrust compared to 
the predicted was +0.09 percent for first burn. Longitudinal specific 
impulse for first burn when compared to predicted was +0.44 percent. 

The flight simulation analysis sh*)cued an increase of 0.59 percent, compared 
to the predjction, in specific impulse. Other comparisons are shown in 
Table 7-3. 

The S-IVB burn time was 2.11 seconds shorter than predicted. Table 7-4 
shows that the primary contributors to the shorter burn time were deviations 
in the preconditions for the S-IVB portion of flight. The total contributors 
show a bum time deviation of -1.707 seconds. This is 0.403 second less 
than the actual deviations. The additional 0.403 second of bum time may 
be accounted for by uncertainties in preconditions of flight and UncertaInties 
in the thrust average obtained from trajectory reconstruction. 

7-6 



1sT BURN STDV OPEN (IGNITION), 528.29 
1ST BURN 90 PERCENT THRUST, 530.53 

0.8 

0.7 

0.6 , :i: . ...: iiq .::i:: .;:::_ ::i:.,:- i:::\: 
I .iii:.:,<: ii:,>. 

0.3 
_ : :  
::’ 

: :  : ,  

. : :  0.2 i :; y;  

:;::::,iii .;:,::i,:;::;,:;: ::::,:::: 

o., {i!$$ ..::::: . . 

-r 

O"CEPT TEST DATA ARRlSTED 
TO FLIGHT STOV TIHE 

~.~~ &CEPfA&E m 

CO.200 

- 0.175 

*0.150 
v- 
a 

rD 
0 

0.125 -. 
s 

~0.100 

0.075 

-0.050 

- 0.025 

0 
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 1.0 

TIME FROM FIRST ESC. SECONDS 

I w I I w I I 
528 529 530 531 532 

fWGE TIHE, SECONDS 

Figure 7-5. S-IVB Buildup Transient - First Burn 

During both burns the engine experienced in-run s 
!! 8896 Newtons (2000 lbf) of thrust due to 4.5 N/cm 

ifts of ap roximately 
(6.5 psia ! shifts in 

chamber pressure. These shifts are attributed to shifts in the PU valve 
resistance to flow. Figure 7-7 shows the PU valve calculated pressure 
drop and chamber pressure for both burns. The calculated pressure drops 
correlate with the observed changes in chamber pressure. 

A reduction in PU valve flow resistance at a fixed valve position results 
in an increase in LOX bypass flow. Since the LOX pump during mainstage 
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Table 7-l. S-IVB Engine Start Seauence Events - First Burn 

EVENT 

S-IVB Engine Start Sequence 
Comand (ESC) 

S-IV8 Engine Start Indication 

Start Tank Discharge Valve 
(STDV) Open 

Mainstage Control Solenoid 

Mainstage OK 

90 Percent Thrust 

Main LOX Valve Open 

TIME OF EVENT IN MGF: TIME (SECONDS) 

PREDICTED ACTUAL 

522.19 525.00 

522.19 525.03 

525.19 528.29 

525.64 528.46 

526.60 529.78 

527.69 530.53 

527.74 530.85 

is essentially a constant flow pump an Increase in bypass flow allows less 
flow to be delivered to the chamber causing a lower chanrber pressure. 
Figure 7-7 shows that during those periods when the valve AP decreased the 
chamber pressure decreased, and when the valve AP increased the chalnber 
pressure inceased. Thus the engine performance shifts are attributed to 
shifts in the hydraulic flow resistance of the valves. These in-run shifts 
have been experienced on previous acceptance tests, and ECP-601 which 
relocates the baffle in the PU valve will be incorporated on the AS-504 
and subsequent S-IVB stages. 

Due to the S-II engine failure and restart problems on AS-502 flight, the 
AS1 system on the J-2 engine was redesigned. Photographs of the redesigned 
LOX and fuel lines are shown in Figures 7-8 and 7-9. Instrumentation 
installed to monitor AS1 system performance responded as expected. Both 
LOX and LH2 supply line temperatures chilled to expected levels during 
both burns and did not indicate any abnormal condition. Combustion 
chamber temperature responded during fuel lead indicating proper ignition 
of the ASI. The measurement was cooled by its local envirotnnent during 
mainstage (see Figure 7-10). Paragraph 9.3.3 discusses the structural 
integrity of the redesigned lines. 

The helium control system for the J-2 engine performed satisfactorily 
during mainstage operation. Since the engine bottle was connected with 
the stage ambient repressurization bottles there was little pressure 

7-8 



~~~~ PREDICTED wm 

1ST ESC, 525.00 

1ST ECO. 684.98 
1.00 

0.22 9 

0.95 0.21% 

0.90 0.20 g 

0.85 0.19 t z I- 
0.801 I I I I I I I '0.18 
4250 

430 
4200 

425 
4150 

4100 420 

4050 
415 

250~ I I I I 1 I I 

225 225 

200 200 

175 175 

150 150 

5.2 

5.0 

4.8 

I I I I I I I 

0 20 40 60 80 100 120 140 160 
TIME FROn STOV + 2.5 SECOWS 

RANGE TIME, SECONDS 

Figure 7-6. S-IVB Steady State Performance - First Burn 

decay. Helium usage was estimated from flowrates during engine operation. 
Approximately 0.20 kilogram (0.44 lbm) was consumed during first burn. 

7.4 S-IVB SHUTDO'rlN TRANSIENT PERFORMANCE FOR FIRST BURN 

S-IVB EC0 was initiated at 684.98 seconds by a guidance velocity cutoff 
comnd which resulted in a E.ll-second shorter than predicted first burn 
time. 
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Table 7-2. S-IV6 Steady State Performance - First Burn 
(ESC + 80 Second Time Slice at Standard Altitude Conditions) 

FLIGHT PERCENT 
PARAMETER PREDICTEC! RECONSTRUCT-ION DE,,,IATION DEVIATION 

FROM PREDICTED 

Thrust N 900,609 901,557 948 0.01 
(lbf) (202,465) (292,678) (213) 

Specific Impulse 
N-s/kg 4,187.4 4,204.l 16.7 
(lbf-s/lbm) (427.0) (428.7) (1.70) 0.40 

LOX Flowrate 
kg/s 178.89 178.16 -0.73 
(lbm/s) (394.38) / (392.78) (-1.60) -0.41 

Fuel Flowrate 

The EC0 transient was satisfactory and agreed closely with the acceptance 
test and predictions. The total cutoff impulse to zero Jercent of rated 
thrust was 183,427 N-s (41,236 lbf-s). Cutoff occurred with the PU valve 
in the null position. 

The Main Oxidizer Valve (MOV) actuator temperature at cutoff for first 
burn was 182'K (-133'F). The cutoff impulse was adjusted from tnese 
conditions to standard conditions for comparison with the log book values 
at null PU valve position and 255°K (O'F) MOV actuator temperature. After 
these adjustments, the flight value was near the log book value. The 
thrust during first cutoff is shown in Figure 7-11. 

Telemetered guidance velocity data indicated the cutoff impulse was very 
close to that expected as presented in Table 7-5. 

7.5 S-IVB PARKING COAST PHASE CONOITIONXNG 

The LH2 Conti,iuous Vent System (CVS) performed satisfactorily, maintaining 
the fuel tank ullage pressure at an average level of 13.4 N/cm2 (19.5 psia). 
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Table 7-3. Comparison of S-IVB Stage Flight Reconstruction Data 
With Performance Simulation Results - First Burn 

PRfDlCTEIl FLIO(T RECONSlRUCTIaW F+ERCENT DEV FROM PRED 

FIRST BURN FiRSl BURN 
I 

PARAMETERS UNITS FIRST BURN 
FLIGPT FLIWT FLIGHT 
AVE AVERAGE AVERAGE 

Longitudinal n 902.42 903.225 
Vehicle Thrust (lbf) (202.8: (203.053) 0.09 

Vehicle Mass kg/s 215.55 214.79 
Loss Rate (lbm/s) (475.20) (473.54) -0.35 

Loqitudinal 
Vehicle N-slhg 4166.5 4205.1 
Specific Impulse (lbf-s/lbm) (426.9) (428.8) 

0.44 

FLIolT SIWLATION PERCENT DEV FADn PRfO 

PARAJWERS UNIT5 FIRST BURN FIRST buwl 
FLIW FLIW 
AVERAGE AVERAGE 

Loqitudlnal N 
Vehicle Thrust (lbf) 

900.861 
(202.526) -0.17 

Vehicle Mass WS 213.94 
LOSS Rate (1WS) (471.65) -0.75 

W:;;dfnal 
N-s/kg 4211 

Specific Ilnpulsr (lbf-s/lb) (429.4) 
0.59 

Table 7-4. S-IVB Simulation Burn Tilare Deviations - 
First Burn 

CONTRIBUTOR 

Preconditions of Flight (S-II/ 
S-IVB Separation Ckwd) 

Velocity Magnitude 
(Space Fixed) 

Start Sequence Uncertainties 

S-IVB Thrust 

S-IVB Mass Flow 

S-IVB Initial Mass 

BURN TIRE 

- -1.41 

-0.29 

0.053 

-0.06 

Zero 

Explained -1.707 

Unexulained -0.103 
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Figure 7-8. Revised J-2 LOX ASI Line 

The continuous vent regulator was activated at 744.15 seconds. Regulation 
continued, with the expected operation of the main poppet periodically 
opening, cycling, and reseating. Continuous venting was terminated at 
9701.72 seconds. 

Calculations based on estimated temperatures indicate that the mass vented 
during parking orbit was 983 kilograms (2169 lbm) and that the boiloff mass 
was 1040 kilograms (2293 lbm). 

J-2 engine control sphere pressure buildup during coast periods was lower 
than predicted. This is attributed to the fact that thare was less mass 
in the control sphere than expected. Because there was a pressure loss in 
the lines between the ambient bottles and the engine control sphere of 
approximately 41 N/cm2 (60 psid), there was a drop in temperature. There 
was less warming from the ambient bottles than anticipated. 
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Figure 7-9. Eevised J-Z LHz ,ciSI Line 
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Figure 7-11. S-IVB Shutdown Transient Performance - First Burn 

Table 7-5. S-IVB Cutoff Impulse - First Bum 

PARAMETER 

Cutoff N-S 
Impulse (lbf-s) 

Velocity m/s 
Increase (ft/s) 

PREDICTED 

187,564 
(42,166) 

1.47 
(4.82) 

FLIGHT 

ENGINE 1 GUID. DATA 

i::T;tf 
1.43 1.43 

(4.69) (4.69) 

PERCENT DEVIATION 
FR@l PREDICTED 

ENGINE 

-2.21 

-2.72 

GUID. DATA 

-2.37 

-2.72 

Note: The parameters quoted are from velocity cutoff cannand to zero 
percent of rated thrust. 
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7.6 S-IVB CHILLDOWN AND RESTART FOR SECOND BURN 

The 02/H2 burner -ystem was implemented on AS-503 and subsequent stages to 
provide a new means of repressurizing the oxidizer and fuel tanks for orbital 
restart. The ambient helium repressurization system was retained as a 
redundant system. The 02/t&2 burner is mounted on the aft thrust structure 
where it heats cold helium that is used to repressurize the propellant 
tanks. Onboard propellants, LOX and LH2, are fed to the burner through 
vacuum jacketed, low pressure ducts at existing tank pressures and then 
through regenerative coils where they are heated before being injected 
through two injectors into the combustion chamber of the burner. The 
propellants are ignited and the resulting combustion products pass over 
four sets of helium coils, heating the cold helium, and then are exhausted 
through a nozzle. Three of these heliun coils are connected in parallel to 
pressurize the fuel tank; the fourth coil is utilized to pressurire the 
oxidizer tank (see Figure 7-12). Figure 7-13 shows an illustration of the 
02/H2 burner. 

Reprdssuritation was satisfactorily accomplished by the 0 /Hp burner. 
BUFneF Start Conmnand (BSC) was initiated at 9700. 

8s 
8 secon 5. LOX tank 

ullage pressure at BSC was approximately 26.9 N/cm (39 psia); therefore, 
repressurization of the LOX tank was not required. The LH2 repressurization 
control valves were opened at BSC +6.85 seconds. The fuel tank was 
repressurized from 13.4 to 20.8 N/cm2 (19.4 to 30.2 ptia) in 168.4 seconds 
which yields a ramp rate of 2.65 N/an2/min (3.85 psi/min) as shown in 
Figure T-14. FiguFeS 7-15 and 7-16 show the performance of the 02/H2 
bUFneF pressurant coil. There were 11.34 kilOgramS (25 lbm) of cold helium 
used from the cold helium spheres during repressurization. The burner 
continued to operate for a total of 460 seconds providing nominal pm- 
pellant settling forces. 

The performance of the AS-503 02/H2 burner during flight was satisfactory 
although an unusual increase in combustion chamber pressure and temperature 
were observed during a 20-second period subsequent to the tenination of 
LH2 tank repressurization as shown in Figures 7-17 and 7-18. 

Normally, at the conclusion of LH2 tank repressurization the combustion 
chamber pressure and temperature momentarily increase by 0.69 to 1.7 N/cm2 
(1 to 2.5 psid) and lll.l"K (-259.7'F), respectively. The higher than 
normal combustion chamber pressure and temperature transients, 2.76 N/cm2 
(4 psid) and 305OK (90.31°F), respectively, were caused by: 

a. An increase in oxygen flowrate, due to two-phase flow, approximately ! 

10 seconds after the termination of repressurization. 

b. LH2 tank self-pressurization, 0.34 N/cm2 (0.5 psid), after the conclusion 
of repressurization. 
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The S-IVB stage provided adequate conditioning of propellants to the 3-2 
engine for the restart attempt. The engine start sphere was recharged 
properly and maintained sufficient pressure during coast. The engine 
control sphere gas usage was as predicted during the first burn; the an&Gent 
helium spheres recharged the control sphere to a nominal level adequate 
for a proper restart. 

Table 7-6, showing the major events during the start transient, indicates 
that all events occurred as required and performance was as predicted. 

The propellant recirculation systems performed satisfactorily and met 
start an3 run box requirements for fuel and LOX as shawn in Figure 7-19. 
'econd burn fuel lead generally followed the predicted pattern and resulted 
n satisfactory conditions as indicated by the thrust chamber temperatures 

end the associated fuel injector temperatures shown in Figure 7-20. The 
LH2 chilldown system performance for second burn was satisfactory. The 
Lii2 pump inlet temperature at second burn ESC was 22.5'K (-419.5'F). 
Second burn LOX pump chilldown was aiso satisfactory. At S-IVB second 
burn ESC the LOX pump inlet temperature was 91.9"K (9294.6'F). The start 
tark performed satisfactorily during the second burn blowdown and recharge 
sequence, as shown in Figure 7-21. 

The second burn start transient was satisfactory. The thrust buildup was 
within the limits set by the enmine manufacturer. Faster thrust buildup 
to the 90 percent level as compared to the acceptance test result was 
observed on this flight and is shown in Figure 7-22. This buildup was 
similar to the thrust buildup on AS-501 and AS-502. The PU valve was in 
the proper full open (4.5 EMR) position prior to the second start. 

Table i-6. S-IVB Engine Start Sequence - Second Burn 
-- 

EVENT 

c- 

S-IV8 Engine Restart Cumnrnd 
(ESC) 

S-IVB Engine Start Indication 

STOV Open 

Mainstage Control Solenoid 

Mainstage OK 

90 Percent Thrust 

Main LOX Valve Open 

T TIME OF EVENT IN RANGE TIME. SECOHB6 1 
PBEDICTEO ACTUAL 

lo.22883 10.229.51 

10.228.83 10,229x 

10.236.63 10.237.79 

10.237.08 10.237.94 

10,238.16 10.23934 

10.239.13 10.240.02 

10.239.18 10.240.32 
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Figure 7-20. S-IVB J-2 Fuel Lead Restart - Second Burn 

The total impulse from STDV to STDV +2.5 seconds was 821,124 Y-s (184,596 
lbf-s). This was greater than the value of 671,681 N-s (lSl,OC,O lbf-s) 
cbtained during the same interval for the acceptance test. 

The heliLm control system performed satisfactorily during second burn main- 
stage. There was little pressure decay during the burn due to the connection 
to the stage repressurization system. Helium usage was estimated from flow- 
rates during engine c>eration. Approximately 0.19 kilogram (0.41 lbm) was 
consumed during second burn. 
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Figure 7-21. S-IVB Start Tank 

7.7 S-IVB MAIN STAGE PERFORMANCE 

Performance - Second Burn 

FOR SECOND BURN 

The propulslvn reconstruction analysis showed that the stage performance" 
during mainstage operation was satisfactory. A comparison of predicted and 
actual performance of thrust, total flowrate, specific impulse, and mlxture 
ratio versus time js shown in Figure 7-23. Table 7-7 shows the specific 
impulse, flowrates and mixture ratio deviations from the predicted at the 
80-second Lime slice. This time slice perfcrmance is the standardized 
altitude performance which is comparable to engine acceptance tests. 
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Figure 7-22. S-IVB Buildup Transients - Second Burn 
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The 80-second time slice performance for second burn thrust was 0.03 percent 
less than predicted. Specific impulse performance for second burn was 0.28 
percent greater than predicted. A shift in performance occurred between 
first and second burn which resulted in an average lower level of thr@rst 
during second burn of 6775 Newtons (1523 lbf). 

The overall propulsion reconstruction of longitudinal thrust compared to 
the predicted was -0.88 percent for second burn. Longitudinal specific 
impulse for second burn when compared to predicted was +0.26 percent. 

The flight simulation analysis showed a xease of 0.22 percent, compared 
to the prediction, in specific impulse. Other comparisons are shown 
in Table 7-8. 

S-IVB burn time was 2.07 seconds longer than predicted. Table 7-g shows 
that the primary contributors to the longer burn time were deviations in 
thrust and initial mass for the S-IVB second burn portion of flight. The 
total contributors show a burn time deviation of 2.79 seconds. This is 0.72 
second more than the actual deviation. The additional 0.72 second cf 
burn time may~be accounted for by uncertainties in preconditions of fllghr 
and uncertainties in the thrust average obtained from trajectory recon- 
struction. 

Table 7-7. S-IVB Steady State Performance - Second Burn 
(ESC + 80 Second Time Slice at Standard Altitude Conditions) 

-. 

PARAMETER PRF;)ICTED 
2ND 6URR FL!CHT PERCENT 

RECOIISTRUCTIOM DE'; lATl()h DEVIATION 
FROM PREDICTED 

Thrust N 900,609 897,548 -3,061 -0.03 
(lbf) (202,465) (201,777) (-688) 

Speclflc Impulse 
N-s/kg 41,'c17.4 4199.2 11.8 
(lbf-s/lbm) (427.0) (428.2) (1.2) 0.28 

LOX Flowrate 
kg/s 
(lbm/s) (:x) ( (X) 

-1.19 -0.66 
(-2.61) 

Fuel Flowrate 
kg/s 
(lbm/s) 

Engine Mixture 
Ratio 

LOX/Fuel 

36.17 36.01 -0.16 
(79.74) (79.40) (-0.34) -0.43 

4,946 4.934 -0.012 -0.24 _----_ ~- - - --.--- 
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7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 

S-IVB EC0 was initiated at 10.555.51 seconds by a guidance velocity cutoff 
cmnd which resulted in a 2.07-second longer than predicted second burn 
time. The transient was satisfactory and agreed closely with the acceptance 
test and predictions. The total cutoff Impulse to zero percent of rated 
thrust was 184,463 N-s (41,469 lbf-s). Cutoff occurred wlth the PU valve In 
the null position. 
cutoff. 

The MlV actuator tanrperature was 170°K (9153.7OF) at 
The thrust during second cutoff Is shown in Figure 7-24, and Impulse 

data is included on Table 7-10. 

7.9 S-IVB STAGE PROPELLANT UTILIZATION 

On AS-503 the PU system was operated in the open-loop mode, which means 
the LOX flowrate is not controlled to Insure simultaneous dmpletlon of 
propellants. The PU system successfully accomplished the'requfrements 
associated with propellant loading. 

i A comparfson of propellant mass values at critical flight events, as 
determined by varlous analyses, is presented in Table 7-11. The best 
estimate full load propellant masses were 0.04 percent lower for LOX ana 
0.10 percent higher for LH 
3-4 of Launch Operations, 2 

than the predicted values, as shown In Table 
action 3. This dsvirtlon was well wlthln the 

required loading accuracy. Figure 7-25 shows a g,+'aphlcrl representation 
of the PU mass sensor nonlinearltfes durlnq S-M powered fllght. 

Table 7-8. Comparison of S-IVB Stage Fllght Reconstruction Data 
With Performance Simulation Results - Second Burn 

Lasi Rate 

Sprclflc llnpulsr 

t 
I I I 
1 FLIGNT SIl¶llATIDN 1 PERCENT DEY FRIM PRED 1 I 

I I L --- -I 

I PARMETERS SECWU DURN 

Len ltudlnrl 
Vah cl. Thrust ? 

h 69S,641 -0.90 
(lbf) (201,393) 

Vohiclr lkrr 214.22 
Loss Rat. :!$s I 

i 

(472.21) 
I 

Aj.24 

I 

I Longit~~l~nrl 
Vohlcli 

I I 

N-r/kg .o -2 ,i - 
specific Impuhr (Ibf=s/ltm) 

4182.14 
(426.46) 
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Table 7-9. S-IVB Simulation Burn Time Deviations - Second Burn 

BURN TIME 
CONTRIBUTPR DELTA (SECONDS) 

S-IVB Thrust 

S-IVB Mass Flow 

S-IVB Initial Mass 

1.04 

0.43 

1.32 

Explained 2.79 
Unexplained -0.72 

The third stage statistical weighted average masses at ignition were 
161,398 and 126,867 kilograms (355,821 and 279,694 lbm) and the cutoff 
masses were 128,126 and 59,254 kilograms (282,469 lnd 130,633 lbm) for 
first and second burns, respectively. Extrapolat-ion of propellant level 
sensor data to depletion, using the propellant flowrates to depletion, 
indicated that a LOX depletion would have occurred approximately 19.24 
seconds after second burn velocity cutoff. 

During first burn the PU valve was positioned at null for start and remained i 
there, as progrannned, during first burn, The PU valve was commanded to 
the 4.5 EMR position 119.91 seconds prior to second burn start command, I .J 
and remained there for 132.89 seconds. At 10.242.49 seconds the valve was 
commanded to the null position (approximately 5‘0 EMR) and remained there I 
throughout the remainder of the flight. The actual times are within 50 
milliseconds of predicted. 

. 
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figure 7-24. S-IVB Shutdown Transient Performance - Second Burn 

Table 7-10. S-IVB Cutoff Impulse - Second Burn 
1 

FLIGHT 
PERCENT DEVIATION 

PARAMETER PREDICTED FROM PREDICTED 

ENGINE GUID. DATA ENGINE GUID. DATA 

Cutoff N-s 223,456 
Impulse (lbf-s) (50,235) 

184,463 227,286 
(41,469) (51.0%) -17.45 1.71 

Velocity m/s 3.80 3.12 3.84 
Increase (ft/s) (12.47) (10.24) (12.60) -17.89 1.05 

Note; The parroters quoted are from velocity cutoff connrnd to ?ero 
percent of rated thrust. 
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7.10 S-IVB PRESSURIZATICY SYSTEM 

7.10.1 S-IVB LH2 Tank Pressurization System 

The LH2 pressurization system operationally met all engine performance 
requirements. The LH2 pressurization system indicated acceptable per- 
formance during prepressurization, boost, first burn, coast phase, and 
second burn. The sequence of events and associated system performances 
are discussed in the following paragraphs. The LH2 tank prepressurization 
command was received at -96.4 seconds. The pressurized signal was 
received 12.9 seconds later. 

Following the termination of prepressurization, thg ullage pressure 
reached relief conditions, approximately 21.8 N/cm (31.7 psla) and 
remained at that level until liftoff as shown in Figure 7-26. A small 
ullage collapse occurred during the first 70 seconds of boost, and then 
returned to the relief level by 150 seconds due to self pressurization. 

/ M /I PREDICTED BAND 

35 
I IV 

1 1 1 1 
INITIATION OF PREPRESSURIfATION, -96 I 

Xl 
15: ESC, 525.1)O 40 

25 151 ECO, 684.98 

30 
20 

13 20 

1 d 

10 
5 

0 
-1 0 12 3 4 S 6 7 8 9 10 

dANGE i!r-IE, 10011 SECONDS 

RANGE TIllE,HOURS:FIINUTES:SECONDS 

Figure 7-26. S-IVB LB2 Ullage Pressure - First Burn and 

Parking Orbit 
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During first burn, the average pressurization flowrate was approximately 
0.31 kg/s (0.69 lbm/s) providing a total flow of 48.5 kilograms (107 lbm). 
All during the burn the ullage pressure was at the relief level, as 
predicted. 

During 0 /Ii2 burner re ressurization period, the LH 
5 !! 

tank was pressurized 
from 13. Is 
21.7 N/cm2 

to 20.8 N/cm (19.3 to 30.2 psia). The L 2 ullage pressure was 
(31.5 psia) at second burn ESC as shown in Figure 7-27. 

Approximately 11.3 kilograms (25.9 lbm) of helium were used in the 
repressurization operation. The average second burn pressurization flowrate 
was 0.30 k /s 

9 
(0.67 lbm/s) until step pressurization when it increased to 

0.48 kg/s 1.06 lbmjs). This provided a total flow of 106 kilograms (234 
lbm) dur!ng second burn. Significant venting during second burn occurred 
at second ESC + 280 seconds when step pressurization was initiated. This 
behatdior was as predicted. 

The LH2 pump inlet NPSP was calculated from the pump interface temperature 
and total pressure. These values indicated that the NPSP at first burn 
ESC was 13.2 N/cm2 (19.2 psid). -\t the minimum point, the NPSP was 5.6 
N/cm2 (8.1 psid) above the required. Throughout the burn, the NPSP had 
satisfactory a reement with the predicted. The NPSP at second burn ESC 
was 3.4 N/cm2 Q4.9 psia) which was 0.14 N/cm2 (0.2 psid) above the required. 
Figures 7-28 and 7-29 summarize the fuel pump inlet conditions for first 
and second burns, respectively. 

I I I I I I 
CLOSE, LATCHING NPV, 11.455.71 
CLOSE cvs, 11,455.51 
OPEN LATCHING NPV, 14.156.16 
CLOSE LATCHING NPV, 15.055.77 
OPEN CVS, '7 '=g n' 
OPEN LAW 

2 PREDICTED BAND' 

15 

10 

5 

0 I-I I I I 
IO 11 12 13 14 1s 16 17 18 19 20 21 22 

RANGE TIME,1000 SECONDS 

R.WGE TIME,HOURS: CIINUTES: SECONDS 

Figure 7-27. S-IVB LH2 Ullage Pressure - Second Burt) 
and Translunar Coast 
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FIRST BURN STDV OPEN, 528.29 
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Figure 7-28. S-IV6 Fuel Punp Inlet Conditions - First Burn 

S-IV6 LOX Pressurization System 

LOX tank prepressurization was initiated at -167 s 
s 

conds and increased the 
LOX tank ullage pressure from ambient to 27.9 N/cm (40.5 psia) within 17 
seconds as shown in Figure 7-30. Three makeup cycles were required to 
maintain the LOX tank ullage pressure before the ullage temperature 
stabilized. At -96 seconds the LOX tank ullage pressure increased from 
27.0 to 29.1 N/cm2 (39.1 to 42.2 psia) due to fuel tank prepressurization, 
LOX tank vent purge, and LOX pressure sense line purge. This caused 
the vent/relief valve to open, dropping the pressure down to 28.8 N/cm2 
(41.8 psia). The pressure remained at this level until liftoff. 
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Figure 7-29. S-IvB Fuel Punp Inlet Conditions - Second Burn 

During S-IC boost there was a relatively high rate of ullagc pressure decay 
caused by an acceleration effect and temperature collapse, the decay 
necessitated two makeup cycles from the cold heliun spheres as shown in 
Figure 7-30. 

No makeup cycles were required during S-II boost. Although ullage cooling 
continued during this period, the major cause of the decay aga'ln appears 
to be respons 

5 
to the vehicle acceleration. The LOX tank ullagc pressure 

was 27.8 N/cm (40.4 psia) at ESC. 
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Figure 7-30. S-IVB LOX Tank Ullage Pressure - F:rst Burn 
and Parking Orbit 

During first burn , only one over-control cycle was lnltlated, as compared 
to the predicted four cycles. The reason for this performance Is that 
this stage was the first to fly larger flow control orifices and the 
revised flight pressurization control sequence. This was compounded 
because, at 5.0 EMR, the energy available in the 3-2 heat exchanger Is 
altered. The LOX tank pressurization flowrate variation was 0.18 to 0.19 
kg/s (0.40 to 0.42 lbm/s) during under-control system operation. This 
variation Is normal because the bypass orifice inlet temperature changes 
as it follows the cold helium sphere temperature. Heat exchanger per- 
formance during first burn was satisfactory. 

Repressurlzatior of the LOX tank prior to second burn was not required. 
The tank ullage pressure was 26.9 N/cm2 (39.0 psla) at second ESC, 
satisfying the engine start requirements as shown In Ficlrre 7-31. 

Pressurization system performance during second burn was satisfactory, having 
the same characteristics noted during first burn. There were no over-control 
cycles as compared to three predicted. Flowrate varied between 0.16 and 0.20 
kg/s (0.35 to 0.45 lbm/s). Heat exchanger performance was satisfactory. 
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Figure 7-31. S-IVB LOX Tank Ullage Pressure - Second Burn 
and Translunar Coast 

The LOX NPSP calculated at the interface was 17.9 N/cm2 (25.8 psi) at 
first burn E 

% 
C. The NPSP decreased after start and reached a mlnimun value 

of 16.8 N/cm (24.3 psi) at 51 seconds after ESC. This was 6.3 N/cm2 
(9.2 psi) above the required NPSP at that time. 

The LOX punp static interface pressure during first burn followed the cyclic 
trends of the LOX tank 

Y 
llage pressure. The NPSP calculated at the engine 

Interface was 15.2 N/cm (22.0 psla) at second burn ESC. At all times 
during second burn, NPSP was above the required level. Figures 7-32 and 
7-33 surmarlze the LOX pump conditions for the first burn and the second 
burn, respectively. The run requirements for first and second burn were 
satlsfactorlly met as previously presented. 

The cold helium supply was adequate to meet all fll ht requirements. At 
first burn ESC the cold helium spheres contained 17 9 kilograms (376 lbm) 
of heliun. At the end of the first burn, the hellun mass had decreased to 
147 kllo9rams (323 lbm). Figure 7-34 shows helium supply pressure history. 

7.11 S-IVB PNEUMATIC CONTROL SYSTEM 

The pneumatic control and purge systam performed satisfactorily during all 
phases of the mission. System performance was nominal durlng boost and first 
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Figure 7-32. S- IYB LOX Pump Inlet Conditions - First Sum 
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Figure 7-33. S-M LOX Pmp Inlet Conditions - Second Burn 
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Figure 7-34. s-IVB Cold Helium Supply HMory 

burn operations. The AS-503 stage incorporated the redeslgncd pneunatlc 
actust'w control modules, and experienced no discernible leakage 3s 
opposed to earljer stages which had significant degrees of leakage. 
Pneumatic control bottle temperature, pressure, and regulator outlet 
pressure are shown in Figure 7-35. Bottle masses at varlous pertlnent 
times are shown in Table 7-12. 

7.12 S-IV6 AUXILIARY PROPULSION SYSTEM 

The Auxiliary Propulsion System (APS) pressurization systems demonstrated 
nominal performance throughout the fllght and met control system demands 
as requlred until APS propellant depletion The Yodule No. 1 regulator 
outlet pressure was maintained at 135 N/c3 (196 psia). Module NO. 2 
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Table 7-12. S-IVB Pneumatic Helium Bottle Plass 

I BOTTLE MASS 

I- 
TIRE 1 

k9 
Liftoff 3.79 

First Burn ESC, 525.00 set 

First Burn ECO, 684.98 oec 

9910 Set (2:45:01) 

Second Burn EY?, 10.229.51 set, (2:50:29.51) 

Second Burn ECO, 10,555.51 sec,(2:55:55.51) 

Start Pneumatic Dump, 18,745.83 set (5:12:25:83) 

3.72 

3.71 

3.29 

3.06 

3.05 

2.94 

lbm 

8.36 

8.20 

8.19 

7.25 

6.74 

6.73 

6.47 

re ulator outlet press re was 131 to 133 N/cm2 (190 to 193 psia) which was 
be ow the 135 t 2 N/cm 9 Y (196 f 3 psia) regulation band. This is within 
instrumentatfon accuracy and other system pressures verify proper regulator 
operation. The APS lla e pressures in the tanks were acceptable, ranging 
from 131 to 135 N/c J 8 (1 0 tc: 196 psia). the APS hellun bottle masses 
during flight are presented In Tabld i-13. 

The oxidizer and fuel supply systems performed as expected during the flight. 
The propellant temperatures measured in the propellant control module were 
as experted. The maxlmum temperature recorded was 314°K (105OF). The 
bulk temperatures of the propellants In the bladder ranged from 304 to 3D7'K 
(87 tc 93'F). 

The APS ullage engines of the module3 at posltlon I and III were turned on 
at 19,555.85 and 19.556.06 seconds, respectively, and burned to propellant 
depletlon to provide addltional impulse for the slingshot maneuver. The 
propellants in Module No. 2 (at position III) were depleted ,'rirst as shown 
In Figure 3-36. The fuel was depleted at 20.288.56 seconds resultln 
burn time of 732.5 seconds, while the oxidizer was depleted at 20,45 s 

In a 

seconds. The fuel was also depleted first In Module No. 1 (at posltlon I) 
at 20,314 seconds resulting in a burn time at' 758.15 seconds, as shown In 
Figure 7-37. The oxidlrer was depleted at 20,500 seconds. The reason the 
fuel was depleted first in both modules was thti'i the propellants were 
loaded for a 1.65 to 1.0 EMR while the attltude control engines noimally 
operate at a 1.60 EMR during mlnimum impulse bit pulsing. Also the oxidizer 
was not off-loaded to account for the third ullage burn to propellant 
depletion at the ullage engine EMR of 1.27 to i.0. The fuel load for the 
flight was maximum. Table 7-14 presents the APS oxidizer and fuel consunp- 
tion at significant events during the fllght. 
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Table 7-13. S-IVB APS Helium Bottle Mass 

TIME 

11 ftoff 

First Burn ESC 

First burn ECD 

End of 1st Ullage Burn 
Approximately, 772 set 

Start of 2nd Ullage Burn, 
10,155,82 set (2:49:15.82) 

Second Burn ESC, 10.229.51 set 
(2:50:29.51) 

Second Burn ECO, 10,555.51 set 
(2:55:53.51) 

Separation, 12,056.3 set 
(3:20:56.3) 

~~;lo;o;P . . . . Signal. 15,660 set 

BOTTLE MASS 

kg ltm 

MODULE 1 m)DUE 2 MODULE 1 nODULE 2 

0.450 0.453 0.993 0.999 

0.450 0.453 6.993 0.999 

0.450 0.453 0.993 0.999 

0.430 0.431 0.949 0.950 

0.415 0.427 0.916 0.941 

0.401 0.410 0.885 0.903 

0.398 0.409 0.878 Cl.901 

0.389 0.391 0.858 0.862 

0.383 0.388 0.844 0.856 

The attitude control engine chamber pressures were normal and ranged from 
66 to 69 N/cm2 (95 to 100 psia) until loss of data, The attitude control 
engine chamber pressure data were on the CP-1 link which were not received 
after 4 hours and 21 minutes from liftoff. The ullage engine cha et 
pressure= 9 -:hich were on the LIP-1 link were normal at 67 to 71 N/cm (97 
to 102 psia) during their burns, including the burn to propellant 
depletion. 

7.13 S-IVB ORBITAL SAFING OPERATION 

The S-IVB high pressure systems were safed followino J-2 enoine cutoff in 
order to demonstrate this capability. The thrust developed during the 
LOX dump was utilized to ensure that the spent S-IVB stage would be placed 
in solar orbit and would not impact the lunar surface. The manner and 
seaquence in which the safing was perfoned is presented in Figure 7-38. 

7.13.1 Fuel Tank Safing 

The LH2 tank was satisfactorily safed by accomplishing three programned 
vents as indicated in Figure 7-38, utilizing both the Non Propulsive 
Vent [NPV) and CVS. The LH2 tank ullage pressure during safing is shown 
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Table 7-14. S-IVB APS Propellant Consumption 

MODULE AT POSITiON I MODULE AT POSITION III 
TIME PERIOC OXIDIZER FUEL OXIDIZER FUEL 

kg (lb) kg (lbm) kg (lh) kg (lbm: 

Initial Load 87.7 (193.3) 56.9 (125.4) 87.5 (193.0) 56.9 (125.4) 

First J-2 Burn. 0.2 (0.5) 0.1 (0.3) 0.2 (0.5) 0.1 
Roll Contrcl 

(0.3) 

J-2 EC0 to Evd of 6.3 (13.8) 4.6 
First APS Ullaging 

(10.2) 6.8 (15.1) 5.1 (11.3) 

End of 1st Ullage 5.3 (11.7) 3.3 (7.3) 1.4 (3.0) 0.9 
Earth Burn to 

(1.9) 

Start of 2nd 

Restart Preparations 5.1 (11.2) 4.0 (8.8) 5.4 (11.9) 4.3 (9.4) 

2nd J-2 Burn 0.2 (0.5) 0.1 0.2 0.1 
(Roll Control) 

(0.3) (0.5) (0.3) 

EC0 to S-IVB/CSM 3.1 (6.8) 1.9 (4.2) 6.3 (13.8) 3.9 
Separation 

(8.6) 

From Separation 67.5 (148.8) 42.8 (94.3) 67.2 (148.2) 42.4 
to Propellant 

(93.6) 

Depletion 

TOTAL 87.7 (193.3) 56.9 (125.4) 87.5 (193.0) 56.9 (125.4) 

in Figure 7-27. At second ECO, the LH2 tank ullage pressure was 22.1 
N/cm2 (32.0 psia) and after three vents had decayed to approximately ;.03 
N/cm2 (1.5 psia). The mass of GH2 and LH2 vented agrees well with the 
1438 kilograms (3170 lbm) of liquid residual and pressurant in the tank 
at the end of powered flight. 

7.13.2 LOX Tank Dump and Safing 

Immediately following second burn cutoff, a pro 
9 

rammed 155-second vent 
redu ed LOX tank ullage pressure from 2C.5 N/cm 

5 
(38.4 psia) to 13.2 

N/cm (19.1 psia) as shown in F'gure 7-U. Data levels were as expected 
with 31.1 kilograms (68.5 lbm) of helium and 58.9 kilograms (129.8 lbm) 
of GOX being vented overboard. As indicated in Figure 7-31, the ullagq 
pressure then rose gradually, due to self-pressurization, to 19.0 N/t:m 
(27.6 psia) at the initiation of LOX dump. 
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Figure i-36. S-IVB APS Mass History - Module No. 2 

The LOX tank dump was initiated at 18,475.82 second3 and was satisfactorily 
accomplished. A steady-state liquid flow of 1.40 m /s (370 gpm) was 
reached within 40 seconds. 

Approximately 126 seconds after dump initiation, the measured LOX flowrate 
showed a sudden increase indicating that gas ingestion had begun. Shortly 
thereafter, the LOX ul lage pressure began decreasing at a greater rate. 
Calculations indicate the LOX residual, approximately 3329 kilograms 
(7340 lbm), was essentially dumped within 150 seconds. Ullage gases 
continued to be dumped until t+e programned termination. The tank pressure 
had decayed to 11 N/cm2 (16.0 psig) at this time. 

LOX dump ended at 18,776.03 seconds as scheduled by closure of the MOV. A 
steady state LOX dump thrust of 3959 Newtons (890 lbf) was obtained. The 
total impulse before WV closure was 556,473 N-s (125,100 lbf-s), resulting 
in a calculated velocety increase of 20.4 m/s (66.9 ft/s). Figure 7-39 
shows the LOX flowraTe during dump and the mass of liquid and gas in the 
oxidizer tank. Fi*. d,e 7-39 shows LOX ullaqe pressure and the LOX dump 
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Figure 7-37. S-IVB APS Mass History - Module No. 1 

thrust produced. The predicted curves provided for the LOX flowrate and 
dump thrust correspond to the quantity of LOX dunped and the actual ullaqe 
pressure. 

Three seconds following termination of LOX dump the LOX NPV valve was 
opened and remained open for the dur tion of the mission. LOX tank 
u?lage pressure decayed from 11 N/cm 1 (16.0 psia) at 18,776 seconds to 
zero pressure at approximately 24,000 seconds. 

7.i3.3 Cold Helium Dunp 

With the addition of the 02/H2 burner on the S-IVB-503 stage, cold helium 
was dumped through the burner heatir.3 coils and into the LH 
overboard through the tank vents. This change from past me hods was made 2 

tank, and 

to avoid the possibility of freezing LOX in the LOX tank vent system. 
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Figure 7-38. S-IVB Orbital Safing and Propellant Dump Sequence 

The dump was initiated at 18,783.63 seconds and progralrmed to continue for 
approximately 3000 seconds as shown in Figure 7-34. DlBring this period, the 
pressure decayed normally from 358 to 34 N/cm2 (520 to 50 psia). Approx- 
imately 64 kilograms (140 lbm) of helium was dumped overboard. 

7.13.4 Ambient Helium Dump 

The ambient helium in the LOX and LH2 repress spheres was dunped, via the 
fuel tank. The 200-second dump occurred at 21,783.68 seconds. The pressure 
decayed from 2136 N/cm2 (3100 psia) to 172 N/cm2 (250 psia). Data during 
this period was not recovered, and a detailed analysis will not be possible. 

7.13.5 Stage Pneumatic Control Sphere Safing 

The staqe pneumatic control sphere was safed by initiating the J-2 engine 
pump purge and flowing helium through the pump seal cavities to atmosphere. 
The safing period of 3520 seconds satisfactorily reduced the potential 
energy in the spheres. Initial and final sphere conditions are listed in 
Table 7-15. 

7.13.6 Engine Start Sphere Safing 

The engine start sphere was safed during approximately a 150-second period 
at 18,505.82 seconds. Safing was accomplished by opening the sphere vent 
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Table 7-15. S-IVB Pneumatic Control Sphere Conditions During Dump 

PARAMETER INITIAL FINAL 
CONDITIONS CONDITIONS 

Press N/cm2 (psia) 1351 (1950) 255 (370) 

Temp OK (OF) 263 (13) 205 (-90) 

Mass kg (lbm) 2.94 (6.47) 0.74 (1.64) 

valve. Pressure was decreased from 902 N/cm2 (1309 psia) to 11 N/cm2 
(16 psia) with 1.8 kilograms (3.9 lbm) of hydrogen being vented as shown 
in Figure 7-40. 

7.13.7 Engine Control Sphere Safing 

The engine control sphere was safed, beginning at 21.983.88 seconds 
after the completion of the ambient repress spheres safing. The helium 
control solenoid was energized to flow helium through the en ine purge 
system to atmosphere. The pressure decayed from 2102 N/cm2 i! 3048 psia) 
to 140 N/cm2 (203 psia) with 0.9 kilogram (2.0 lbm) vented during the 300- 
second safing period as shown in Figyr;J 7-40. 
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SECTION 8 

HYDRAULIC SYSTEMS 

8.1 SUMMARY 

The SIC, S-II, and S-IVB hydraulic systems performed satisfactorily during 
the flight. All parameters were within specification limits althaugh the 
return fluid temperature of one S-IC actuator began to rise unexpectedly 
after 117 seconds. TherP were no other deviations and no anomalies during 
the flight. 

8.2 S-IC HYDRAULIC SYSTEM 

The S-IC stage incorporated eight gimbal actuators of the Hydraulic Research 
Model (608845CU7C). Analysis indicates that all actuators performed as 
commanded during the flight. The maximum actuator deflection was equivalent 
to 2.06 degrees engine gimbal angle at 113 seconds. The average hydraulic 
supply pressure was 1307 N/cm2 (1895 psia) and operated in a small band 
within the operating limits as shown in Figure 8-l. The operating taper- 
ature as depicted by the return actuator fluid was 303'K (86'F) and operated 
in a narrow band except for the engine 103 pitch actuator return fluid 
temperature (shown separately in Figure 8-l) which began a sudden increase 
at about 117 seconds into the flight. The measurement went out of the 
expected range, but not out of specification limits as shown in Figure 8-1. 
No explanation has been found for this unexpected occvrrence. The maximum 
hydraulic engine valve opening pressure was 1365 N/cm (19&I psia). 

: 

8.3 S-II HYDRAULIC SYSTEM 

Figure 8-2 shows plots of reservoir fluid volts and temperatures and 
accumulator fluid pressures (indicative of system supply pressures) for 
enginer MO. 1 through 4. The volumes and pressures were within predicted 
ranges. Temperature rise rates were close to the predicted rate. 

Throughout the flight all servoactuators responded to conmnands with good 
precision. The maximum difference between actuator conmutnd and position 
was less than 0.2 degree. Forces acting on the actuators were well below 
a predicted maximum of 84,516 Newtons (lg,GOO lbf). The maximum force in 
tension was 52,044 Newtons (11,700 lbf) acting on the pitch actuator of 
engine No. 3. The maximum force in compression was 14,234 Newtons (3200 
lbf) acting on the yaw actuator of engine No. 1. In additfon, force 
oscillations were detected on all of the actuators during the time that 
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23, 

ine No. 5 chamber pressure oscillations appeared. The freauencv of the 
i 
1 

8.4 

llations was 18 hertz, and the peak-to-peak amplitudes ranged -between 
31 and 34,696 Newtons (5200 and 7800 lbf). 

S-IVB HYDRAULIC SYSTEN (FIRST BURN) 

The S-IVB hydraulic system performed within the predicted limits after 
liftoff with no overboard venting of system fluid as a result of reservoir 
fluid expansion. Prior to start of propellant loading, the accumulator was 
precharged to 1655 N/cm2 (2400 psia) at 294°K (7OOF). Reservoir oil level 
(auxiliary pump off) was 87 percent at 294'K (70°F). Table 8-1 shows 
minor pressure level variations and compares the liftoff, first burn 
parking orbit, and second burn system pressures. 

Table 8-l. S-IVB Hydraulic System Pressures 

LIFTOFF FIRST BURN PARKING ORBIT AFTER 
ALLOYABLE DURING BURN 

PRESSURES l/cm2 N/d N/cm2 RfSTART 

(via) (psia) ipsia) CtlbHAMl N/cd 
N/cd (via) (via) 

System Oil 
!  (::;8, 

2517 - 2517 2413 to 2517 
(3650) (3650) (3500 to 3650) 

Accumulator G";2 2456 2524 2517 2413 to 2517 
(3620) (3660) / (Z, (3650) (3500 to 3650) 

Reservoir Oil 121 124 
i::, 

124 110 to 128 
(175) (lea) (180) (160 to 185) 

AUX Pump Air Tank 290 
(:E, (E, 

310 138 to 345 
(420) i450) (200 t, 500) 

Aux Pump Motor Air 12.3 23.1 22.2 22.8 7 to 31 
(i7.9) (33.5) (32.2) (33.0) (10 to 45) 

Hate: These values have been corrected to 293'K (68OF). 

During S-K/S-II boost all system fluid temperatures rose steadily, as 
shown in Figure 8-3, when the auxiliary pump was operating and convection 
cooling was decreasing. The supply pressure during the first burn was 
nearly constant at 2517 N/cm2 (3650 psia) as compared to the allowable 
2413 to 2517 N/cm2 (3500 to 3650 psia). The maximum actuator torque 
resulting from vehicle attitude commands during first bum was in pitch 
at 7904 N-m (69,955 lbf-in.). 

'1;1 
5 

system internal fluid leakage rate of 45 cm3/s (0.71 gpm) (25 to 50 
cm /s CO.4 to 0.8 gpm] allowable) was delivered b the main engine driven 
pump during engine burn as indicated by a 27 N/c f (39 psia) jump in 
system pressure after ignition and the auxiliary pump motor current draw 
of only 21 amperes. Power extracted from the engine by the main pump 
during burn was 5.13 horsepower. 
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Engine deflections were nominal throughout first burn. The actuator posi- 
tions were offset from null during powered flight due to the displacement 
of ?he vehicle's Center of Gravity (CG) off the vehicle's vertical axis, 
due to J-2 engine installation tolerances, thrust misalignment, and uncom- 
pensated gimbal clearances and thrust structure compression effects. 

Pitch and yaw actuator transient loads during engine stai-t were negligible 
as were the loads throughout the powered f7ight. Proper operation of the 
pitch and yaw actuator dynamic pressure feedback mechanism is indicated 
by the actuator differential pressure traces. The hydraulic servoactuators 
responded properly to incoming Instrument Unit (IU) signals. Good 
correlation was observed between the S-IV8 actuator position data and 
the IU actuator colnrand data throughout the powered flight. 

8.5 S-IVB HYDRAULIC SYSTEM (COAST PHASE) 

After engine cutoff, the pump inlet oil temperature increased from 321 to 
341°K (118 to 153°F) due to continued heat transfer from the LOX turbine 
dome to the pump manifold as shown in Figure 8-4. This is well within the 
system high temperature limit of 408°K (275°F). 

During the orbital coast period the auxiliary pump was thermally cycled 
for 48 seconds at 3285.15 seconds and again at 6085.15 seconds as pro- 
gramned. These cycles were programned to circulate the system fluid and 
to distribute the heat more evenly throughout the system. 

8.6 S-IV6 HYDRAULIC SYSTEM (SECOND BURN) 

The auxiliary pump was activated to the flight mode at 9878.52 seconds. 
System operation bjas normal through restart operation and second bum as 
shown in Figure 8-5. Pump inlet and reservoir oil temperatures rose at 
the rate of 4.6 and 2.0°K/min (8.4 and 3.6"F/min), respectively, during 
second burn. System pressure stabilized at 2517 N/cm2 (3650 psia) during 
burn. After cutoff, reservoir pressure stabilized at 52 N/cm2 (75 psia) 
following a 48-second bleeddown. 

Engine deflections were nominal throughout second burn. The maximum 
actuator torque resulting from vehicle attitude comMnds during secnd 
bum was in yaw at 12,646 N-m (111,928 lbi-in.). 

8.7 TRANSLUNAR INJECTION COAST AND PROP,:LLANT DUMP 

After engine cutoff the pump inlet oil temperature continued to increase 
until the third and final 48-second thermal cycle as shown in Figure 8-6. 
At this point the temperature peaked at 372°K (209°F). This was the highest 
temperature recorded in the system during flight. It rose after the 
thermal cycle and was back up to the same temperature prior to LOX dump. 
Pressures during this period were nominal. Hydraulic system performance 
during the LOX dump was nominal as evidenced in Fi gums 8-7 and 8-8. 
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SECTION 9 

STRUCTURES 

9.1 SUMMARY 

The structural loads and dynamic environment experienced by the AS-503 
launch vehicle were well within the vehicle structural capability. 
Vehicle loads, due to the combined rigid body and dynamic longitudinal 
load and bending moment, were well below limit design values. 

The transients, due to thrust buildup and vehicle release, resulted in 
maximum longitudinal and lateral (yaw plane) dynamic peak accelerations 
of 20.3 g and l 0.24 g, respectively at the conmnand module. The maximum 
bending manent condition, 6.78 x 106 N-m (60 x 106 lbf-in.), was 
experienced at 74.7 seconds. The maximum longitudinal loads were 
experienced at 153.82 seconds, Outboard Engine Cutoff (OECO), at an 
acceleration of 4.0 g. 

Vehicle dynamic characteristics followed the trends established by pre- 
flight analyses. The PO80 suppression system apparently performed 
well, as the first mode frequency of the outboard LOX suction ducts was 
lowered to approximately 2 hertz as predicted, and there was no evidence 
of an unstable coupled thrust-structure-feed system oscillation (POGO) 
during S-l; powered flight. 

Fin bending and torsional modes compared well with analytical pre- 
dictions. On previous flights the fin vibrations exceeded the range of 
the accelerometers. On AS-503 the measurement range was increased and 
the measured vibration levels remained within range and below design 
values at all times. No fin flutter occurred. 

S-IC stage vibrations were generally as expected except at the heat 
shield. The heat shield flight vibration environment, measured for the 
first time on AS-503, was considerably higher than expected. This high 
vibration may have contributed to the loss of M-31 insulation discussed 
in Section 17. S-II stage and S-IV8 stage vibrations were also generally 
as expected considering the fact that certain measurements were re- 
located and improved measurement systems were used. The S-IVB stage 
AS1 lines dynamic strains measured in flight were within 'Cle range of 
similar data recorded during static firing. Instrument Unit vibrations 
compared favorably with those of previous Saturn V flights. 
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A buildup and subsequent decay of longitudinal and lateral structural 
oscillations was evident during S-II powered flight shortly after the 
mixture ratio shift. Details of this buildup are discussed in Section 6A. 

9.2 TOTAL VEHICLE STRUCTURES EVALUATION 

9.2.1 Longitudinal Loads 

The vehicle longitudinal dynamic response due to thrust buildup and 
release is shown in Figure 9-l. The axial dynamic loads derived from 
strain gage data are shown at the S-IC intertank and forward skirt. The 
command module response, where astronaut comfort is of prime concern, is 
given in terms of acceleration. A frequency analysis of the filtered 
data indicated a predominance ,of 3.8 hertz (tank bulging mode) and 
4.4 hertz (first longitudinal mode\ oscillations, as expected. Oscil- 
lations observed in the axial load plots are not as pronounced as in 
the acceleration data because of the low frequency limitation (2.4 hertz) 
of the telemetry system from which the strain data was obtained. 

In general, the AS-503 vehicle longitudinal dynamic response amplitudes 
at launch were approximately the same as those experienced on AS-502. 
The maximum response (simulated) at the conunand module was approximately 
20.4 g on both AS-503 and AS-502. The maximum measured response at the 
command lrodule of AS-503 was i0.3 g. The AS-SOL measured data was 
considered invalid. 

The slow release device rod force displacement characteristics shown in 
Figure 9-2 represent an average per instrumented rod. On AS-503, for 
the 12 rods used, only 6 were instrumented and, of these, only 3 
yielded valid data. The differences in the curves shown for the three 
Saturn V launches are apparently due to variations in release rod 
I' easing techniques. 

The longitudinal loads which existed at the time of maximum aerodynamic 
loading (maximum bending moment), at Inboard Engine Cutoff (IECO), and 
at OECO are shown in Figure g-3. These ldads were as expected with the 
maximum longitudinal loads (at the critical stations) occurring at OECO 
at a rigid body longitudinal acceleration of 4.0 g. 

Figure 9-4 shows longitudinal dynamic response time histories at the 
S-IC inboard and outboard engine gimbal blocks and at the command module 
(simulated) during S-IC OECO. The amplitudes shown agree favorably 
with those of previous Saturn V flights. 

9.2.2 Bending Moments 

The lateral loads experienced during thrust buildup and release were 
much lower than design because of the favorable winds experienced during 
launch. The wind speed was low, 5.1 m/s (1C knots) at the 18.3 meters 
(60 ft) level, and the 360 degrees wind azimuth brought about a tower 
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shielding effect. The comparable launch vehicle peak design wind is 
18.9 m/s (36.8 knots), and the spacecraft peak design wind is 14.4 m/s 
(28 knots). 

Figure 9-5 shows the absolute value of the resultant moments imposed at 
the S-IC intertank and forward skirt during thrust buildup and release. 
These loads are based on measured strain gage data, and since they are 
plotted as absolute values are representative of magnitude only and 
not frequency. The peak loads occurring just after release are due to 
lateral response or twang. The longer duration load buildup and decay 
starting at about 1.8 seconds is caused by the tower clearance yaw 
maneuver. The pitch plane dynamic response at the cormand module during 
launch is also presented in Figure 9-5. The maximum command module 
response accelerations were found to be 1i9.12 g in pitch and Hl.24 g 
in yaw. 

The conditions which existed during the high aerodynamic loading phase 
of flight were such as to cause near minimal lateral loads. This is 
illustrated by a comparison of the maximum AS-503 flight bending moments 
with design values shown in Figure 9-6. The lateral load factor is also 
shown. The 6.78 x 106 N-m (60 x 106 lbf-in.) maximum bending moment at 
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station 27.94 meters (1100 in.) at 74.7 seconds was less than 25 percent 
of the design criteria. The calculated loads are from a simulaticn based 
on measured flight parameters such as thrust, gimbal angle, dynamic 
pressure, angle-of-attack, and modal accelerations. The bending moments 
indicated by circles were derived from measured strain gage data. 

9.2.3 Vehicle Dynamic Characteristics 

Structural dynamic characteristics are presented in this section for the 
S-IC stage pnwered flight. Evaluation of S-II powered flight indicated 
3 pronounce' oscillatory buildup in both the lateral and longitudinal 
directions at approximately 480 seconds. Dynamic characteristics 
relating to this oscillation are discussed in Section 6A. 

9.2.3.1 Longitudinal Dynamic Characteristics. Frequency versus range 
time for the first longitudinal mode is compared with the analytical 
data in Figure 9-7. Modal amplitude versus range time is also shown. 
The measured frequencies, determined by spectral analysis using !&second 
time s?;ces, agree well rJith the analytical prediction. The maximum 

,,lplitude in this mode, 0.15 Gpeak, occurred at the command module at 
143 seconds and was much lower than the maximum AS-502 amplitude. 
Figure 9-8 shows a comparison of normalized flight data with analytically 
predicted longitudinal mode shapes. 

The accumulator modification on the outboard LOX suction ducts success- 
fully suppressed the POGO response that the AS-502 vehicle experienced 
during flight, as there was no evidence of POGO during AS-503 S-IC 
powered flight. The observed propellant line frequencies from AS-503 
flight data agreed well with the predicted frequencies. Since the 
AS-502 POGO problem involved frequencies in the 5 to 6 hertz frequency 
range, particular emphasis was placed on evaluation of flight data at 
these frequencies. 

Structural oscillations at the 5 hertz frequency were lower than those 
measured on AS-501 and much less than those seen on AS-502. These 
oscillations were approximately the same magnitude after IECO as before 
IECO. Therefore, this engine did not contribute significantly to the 
5 hertz response even though it was unmodified. Table 9-l shows a 
comparison of acceleration for several locations on the vehicle with 
that illeasured on the AS-501 and AS-502 vehicles. 

Chamber pressure measurements were in the noise level in the frequencies 
from 0 to 15 hertz. Therefore, the oscillatory thrust was very low and 
could not be determined. 

The pump inlet pressure measurements were good throughout flight, and 
the propellant line frequencies could be detected from these data. All 
line frequencies were verified as within the predicted ranges with the 
exception of the second outboard LOX line mode where response was too 
low to measure. A comparison of predicted and observed line frequencies 
are shown in Table 9-2. 
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Table 9-l. Saturn V First Longitudinal Mode Response 
Comparison During S-IC Powered Flight 

*Not Inrtrmented on AS-501 

laole Y-Z. ~3-3~s 3-1~ arage rropellanr Line rrequencies 

LINE 

LOX 

FUEL 

MDDE 

First Inboard 

First Outboard 

Second Outboard 

Third Outboard 

First Outboard 

First Inboard 

LINE FREl 

PREDICTED OBSERVED 

4.9 to 5.5 

1.8 to 2.2 

12.4 to 16 

18.6 to 19.5 

10.2 

12.2 

IENCY (Hz) 

4.6 to 6.8 

2.0 to 2.6 

17.2 to 20.0 

10.6 to 11.8 

10.8 to 13.6 
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As in previous flights, the S-IC crossbeam showed responses at approxi- 
mately 18 hertz throughout flight. A maximum amplitude of to.16 g was 
seen on the inboard engine gimbal block at 10 to 15 seconds. The chamber 
pressure oscillation is in the noise level at this time. A maximum 
chamber pressure oscillation of approximately 3.0 N/cm2 (4.4 psi) at 
20 hertz was observed at loo-115 seconds; however, the acceleration on 
the gimbal block showed a frequency of 17.6 hertz with an amplitude of 
only &0.09 g, jnd no line inlet pressure oscillation could be detected 
at this time. Therefore, no correlation could be seen with accelerations 
and propulsion system pressure measurements with regard to flight time, 
frequency response and amplitude. 

Structural response and engine system pressure data showed low responses 
for all other frequencies in the POGO frequency range; and from the 
evaluation of the flight data, 5 hertz responses were suppressed without 
creating any unfavorable responses on other modes of the structural and 
propulsion system. 

9.2.3.2 Lateral Dynamic Characteristics. Oscillations in the first 
four lateral vehicle modes, as well as the payload mode, were detectable 
throughout S-IC powered flight. Spectral analyses were performed to 
determine modal frequencies using 5-second time slices. The frequencies 
of these oscillations agreed well with the analytical predictions as 
shown in Figure 9-9. 

To obtain maximum acceleration levels, magnetic tape data were filtered 
using digital filters set at the modal frequency range. The amplitudes 
of the modal oscillations at the launch escape tower are presented in 
Figure 9-9, The maximum pitch modal response during S-IC flight was 
0.056 Gpeak in the second lateral mode at 5 seconds. This second mode 
exhibited the most activity during S-IC boost except during Mach 1 and 
Max Q whpn the third mode was more active. The yaw modal acceleraticns 
exhibiteo about the same levels of response as did the pitch, except 
near 2 seconds when the second yaw mode obtained a maximum of 0.10 Gpeak 
as the vehicle executed the yaw maneuver for tower clearance. 

9.2.4 S-IC Fin Dynamics 

AS-503 fin vibration levels were below design values. Measured ampli- 
tudes were higher at liftoff and in the region of high dynamic pressures 
than at other flight times as shown in Figure 9-10. This profile of 
vibration level versus time is similar in shape but somewhat higher 
than those reported for AS-501 and AS-502. Levels at liftcff and at 
high dynamic pressure are not available from those flights because of 
inadequate instrumentation. The fin vibration measurement ranges were 
increased for AS-503 and measured levels were within range at all times. 

Fin frequencies observed on AS-503 are also shown in Figure 9-10 and com- 
pared with those measured on the Dynamic Test Vehicle. Frequency- maria- 
tion with velocity is similar to that observed on AS-501 and AS-502. 
There was no evidence of flutter. 

9-13 



0 

.O 

VEHICLE STATION 

(INCHES) 

- 3594.6 

- 2519.0 
-2367.0 

;:; 

7810 

75.2 
71.9 

::: 
64.0 
60.6 

- lw8.0 46.9 
-1716.0 63.6 

-1661.0 39.1 

-1401.0 35.8 

-912.0 
- 772.0 

z;:-x . 

-#5.0 
- 225.0 

5 

'-115.6 

23.1 
19.a 
19.1 
15.5 

9.3 
5.7 

2.9 

Figure 9-9. Lateral Modal Frequencies and Amplitudes During 
SIC Powered Flight 

9-14 

(MERS) 

107.8 

98.8 
96.0 

91.3 



VELXITV. ft/S 

3.2808 32.808 328.08 3280.8 

361 
. 

I I I111111 I I I ll1lll I I I I I III1 I I 

32 

28 

8 

Figure 9-10. S-IC Fin Vibration Response and Bending and Torsional 
Modal Frequencies 

9-15 



AS-503 fin bending moments were similar to those of AS-501 and AS-502 
and were well below design levels. 

9.3 VIBRATION EVALUATION 

9.3.1 S-IC Stage and Engine Evaluation 

Structure, engine, and nonent vibration measurements taken on the 
S-IC stage are sutmiarizc 'n Table 9-3 and Figures 9-11 through 9-13. 
A total of 49 single sicLti and vibration measurements were taken of 
which 47 yielded usable data. Measurement locations are shown in 
Figure 9-14. 

9.3.1.1 S-IC Stage Structure. Stage structure vibration data exhibited 
RMS levels and spectra shapes similar to previous flights. The data, in 
general, did not appear to be either higher or lower than previous d,ta. 

9.3.1.2 F-l En ines 
-++ 

hll five F-l engine combustion chamber measurements 
were considere va id. Overall RMS levels of engine No. 2 were somewhat 
higher than levels of the other engines; however, the overall RMS levels 
and spectra shapes of all five engine measurements compared favorably to 
data from flight AS-502. All engine combustion chamber measurements 
were invalid on AS-501. AS-502 data have been adjusted to correct for 
a calibration error made in the original analyses. 

Turbopump data from two measurements (E37-101 and E38-101) appeared 
higher from 0 to 30 seconds, but the spectra were similar to static 
firing data. These measurements have been invalid on past flights. 
The expected range of data based on static firing was 20 to 30 Grms. 
Generally, other turbopump measurements compared closely with past 
flight data in both overall levels and spectra shapes. 

9.3.1.3 S-IC Components. The responses of three components on the 
S-IC, the servoactuators, the cold helium line, and the propellant 
delivery system showed amplitudes and spectra similar to previous 
flights. Data from the one measurement on a vibrat;on isolated 
equipment panel were invalid. 

Vibration environments on the heat shieid panels were measured for the 
first time in flight on AS-503. The spectra shapes at launch were 
similar to those from static firing below about 200 hertz. Above 200 
hertz, the flight data at launch are considerably higher than static 
firing. This resulted in overall RMS levels 1.5 to 2 times as high as 
expected. The levels drop rapidly to less than 20 perTent of launch 
levels by 30 seconds. 

The heat shield vibration experienced at liftoff is in excess of data 
measured during qualification testing. Some development tests have 
shown that these levels, when applied to the heat shield for about 
10 seconds, have caused severe cracking of the M-31 insulation. This 
vibration is suspected of causing eventual loss of M-31 as discussed in 
Section 17. 
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Table 9-3. S-IC Stage Vibration Summary 

mAslJADww7 WXII*)l cNu5 OLSWI 
OVENUL NmnNs 

SmlmFlt PNEYIOLS FLl6Hl DITA LS-503 Gms 

thrust structure 

E023-115 10.7 at -0.5 14.7 at 0 
EO24-115 11.2 at 0 a.0 at 0 :: 
EO49-115 13.9 et 0.5 11.9 4t 1 34 
E053-115 6.9 at 149.5 5.5 at 150 17 

E054-115 3.7 at 147.5 3 7 at I50 E079-115 3.2 at 148 3.3 at Ma :: 
EOBO-115 4.2 at 148 3.7 at 148 17 

'a?rtank Structure 

E020-118 7.7 at 2 4.7 at 3 27 
EOZI-118 9.1 at 4 7.0 at -I 

Intcrtmt structure AS-503 data wy 
27 be inrelid et times shorn In Figure 

9-l 1; data were less than 5s of 
crlibretior lcrel. 

:orward Shirt 
Structure 

EO18-120 1.7 at 2.6 and 4.9 1.4 4t -I 30 Formwd skirt structure AS-503 dete 
EOl9-1M 6.9 at -0.2 59rt-I 30 my be invelid et tims sbom in 
EWI-120 6.1 at 3.9 4.4 >t I 30 Figure 9-11; d4te ~rcre less then 

5S of the celibretiom level. EMI-I:0 
Is locrted rear cp~nd destruct 
isoleted pencl. 

EN6I"E 

:mbustion Chmber 

E036-101 6.8 at 20.5 7.6 at 60 49 EOY-102 inrs:id on previous flights. 
E036-102 9.7 dt 0 49 
E036-103 R.3 at 53 7.6 at 120 
t036-104 6.4 at 106.6 7.5 at 101 :; 
EO36-IO5 8.2 at lU.5 7.6 at 91 49 

UrmmP 

E037-101 
I 

41.5 dL 20 41 
E036-101 39.0 at 1.0 41 

mesurrmts FO37-101. COXJ-101, EM&101 

E039-101 26.5 at 125 
EMO-101 l:.t’,t 132.5 :i 

uwe ~arlid on ~rerlw fllqhts. E039-IO 
ad LOW104 deta were Inwlid for 65-503. 

EMI-IOI '15.4 at 122 19.7 at 152.0 41 
0341-102 IS.2 et 14; 17.5 at 144.5 41 EO42-102 end EO42-103 detr we" inrelid 
LO42-102 9.6 at 86 9.3 at -1.0 :1 ktrmOead2oseconds. 

EMZ-103 16.1 4t 63 9.3 at 132 
EO42-104 8.2 at 51 
EO42-105 a.5~Z96.5 t: 

CCfWNENlS 

:ryine Actwtorc 

E03GlOl 5.2 at l4l.a 9.4 at Ill 30 
EO#)-102 5.0 at 123 4.7 at 113 30 

E031-131 6.2 at I36 4.4 at 129 LC3i-102 6.5 at 136.9 7.8 at IO7 El 
EOjZ-lOI 10.9 at 141.6 15.1 at III 
EC32-102 III.0 at 121 14.0 at a9 2 
m33-101 d.8 at Ion a.7 dt 68 xl 
E033-102 7.0 at I27 6.7 at 60 
to34-101 5.0 at -1.0 4.1 at 63 M" 

E034-102 5.5 at 135 5.0 dl 125 L035-101 14.6 at 17 15.0 at 68 : 
E035-102 10.5 at 127 9.7 at 0 30 

Helix Line 

EOW-II6 7.6 at -1.4 5.7 at -1.0 40 15-503 data frm LOW-116 my be lnrrlld 
E051-II6 14.0 at 0 12.6 at I.U 34 at ths sh~ln In Figure 9.13; they mere 

less then 5: of calibration level. 

Meet Shield Panels 

L105-106 76.6 at -I 
ElO6-106 62.6 at -I 
[ICI-IO6 66.0 dt -I 

:: 
33 

neat shield peel me~su~ntS r)t in- 
stalled for previous flights. Wet shield 
panel data IYI be imelid at times shcm 
in Figure Y-13; data ICR less then 

5. of thr calibration lerel. 

Propellant 0ol1uery 
System 

EOZS-118 2.7 at I3 I.6 dt 2.5 9 
f026-118 2.4 at 4.b 2.3 at 0 9 
EO27-II5 IO.4 at -0 5 5.1 at 2 -I 7: 
EOZR-II5 9.1 at 4.6 9 J dt 92 21 

L 
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Figure 9-11. S-IC Stage Structure Vibration Envelopes 

9.3.2 S-II Stage and Engine Evaluation 

Cunparisons of Grms values for AS-Sol, AS-502, and AS-503 are shown in 
Table 9-4 and Figures 9-15 through 9-17. The variations between the 
three flights are considered normal. 

9.3.2.1 S-II Staqe Structure. The AS-503 vibration envirotment for the 
interstage in the radial direction exceeds that for the previous flights. 
This was expected since the measurements were moved to unloaded areas of 
the interstage structure. No previous measurements were made in the 
tangential direction. 

Although the sirlgle measurement on the aft skirt indicated levels com- 
parable wieh previous flights and static firings, the data is considered 
to be questionable because the oscillograph trace does not appear to be 
randan data. 
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Figure g-13. S-IC Stage Components Vibration Envelopes 
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Table 9-4. S-II Stage Vibration Smnary 

AND 503 STATIC 
LOM "LA%&fs FIRING., Gms YLHICLE llfl9ff -1c mto 

Forwrd Skirt 
: 

MS.591 1.4 to 0.0 2.1 to 3.7 2.4 to 5.1 0.5 co 0.1 
Contrlnert 0.: to 2.5 AS-502 2.7 to 9.0 0.7 te 2.5 1.1 to 4.b 0.3 to 0.6 

a AS-503 O.? to 9.1 1.0 to 3.7 1.7 to 5.3 0.0 to 0.9 

Forwrd Shirt ;x AS-501 3.5 to 11.0 2.3 ta 11.3 3.7 to 9.2 0.4 to 0.9 
StrlmJcrs 1.6 to 4.8 AS-SO2 3i4 to 13.1 1.1 to 7.6 2.7 to a.0 0.3 to 0.1 

9 AS-SO3 1.2 to 8.5 1.0 to 6.8 1.7 ta 7.9 0.3 to 1.3 

Aft Skirt t AS-SO1 5.5 to It.3 3.6 to 6.2 5.7 to 1i.l 1.5 to 2.2 
10.1 to 31.7 AS-502 5.3 to 14.9 5.2 to 9.3 5.4 to 9.4 0.4 to 1.2 

1 AS-503 IktJ @taJtlonblr 

IntrrstJ9c 1 AS-501 3.4 to 5.9 2.0 to 3.5 2.6 to 4.5 2.1 to 3.6 
Interstrgc AS-502 3.1 to 4.8 2.2 to 3.3 2.8 to 4.1 I.1 to I.0 

3 Not instrll. AS-503 7.6 to 16.0 5.6 to 6.5 5.6 to 7.2 I.2 to 2.9 

Thrust Structure 10 AS-501 0.8 to 7.0 0.6 to 1.8 0.6 to 2.2 1.5 to 3.8 
Contalnrs 10 2.2 to 15.8 AS-502 0.6 to 2.4 0.4 to 1.1 0.5 to 1.4 0.0 to 2.9 

9 AS-503 0.3 to 3.9 0.4 to 2.6 0.3 to 2.2 0.3 to 3.0 

Thrust Structure 
: 

AS-SO1 1.6 to 5.1 1.1 to 2.0 1.2 to 2.2 2.9 to 7.2 
LOqItudlMl 4.1 to 12.3 AS-302 1.0 to 3.7 0.6 to 1.6 0.7 to 1.7 1.6 to 5.1 

3 AS-503 0.2 to 2.9 1.1 to 1.5 1.6 to 2.7 1.0 to 2.3 

Lngln news i AS-501 0.9 to I.5 0.5 to 0.9 0.b to 1.3 5.8 to 10.4 
5.4 to 15.2 AS-505 0.5 to 

;.i 
0.3 to 

t.3 
0.4 to 0.5 5.3 to 13.9 

1 AS-503 O.? 0.0 

GIMIJI PJ~ 
; 

AS-601 I .o 
4.2 to 9 6 AS-502 

t :: %:I i:i 
I':! 

1 AS-503 9.0 

Conbustlon Oa 5 IllVJltd htJ AS-503 0.0 to 3.6 1.0 to 4.6 1.2 to 3.7 6.5 to 10.3 

LO1 Fmps 5 IIlVJl id btJ AS-503 0." to 2.6 0.0 to 2.6 0.0 to 2.6 3.5 to 16.U 

aI2 Pwps 5 InvJl id DJtJ AS-503 0.0 to 3.1 0.0 to 6.1 0.0 to 6.1 9.2 to 17.2 

101 fuo bVJlV@ 2 kt Instrlkd AS-503 0.4 to 0.5 0.5 to 0.7 0.6 to 0.7 0.4 to 2.3 

LH2 Prcvrlvr 3 ho1 lnstrllrd AS-WI 0.2 to 1.0 0.5 to 0.7 0.9 to 0.9 0.6 to I.9 

NOTE: Ttm v~lurs IistJd rbovr for AS-501 6 AS-502 JrJ brsd on PSD ovemll levels. 
l)r vrlws list04 rbovr for AS-503 J~J b~sd on Gms historlrs. 

9.3.2.2 S-II Stage J-2 Engines. The J-2 engine vibration trends were 
generally as exoected with the maximum levels occurring after S-II 
kgine start. The LOX pump measurements show a sharp amplitude increase 
at the propellant mixture ratio (PM) shift time, as expected. This 
increased vibration results from changed flow characteristics through 
the LOX pump after the propellant utilization (LOX bypass) valve 
position is changed. 

9.3.2.3 S-II Sta e Corn onents. 
was reloc* 

For the AS-503 flight, instrkmnentation 
o et er fi component and container environments. The 

levels indicated for the 19X sump prevalves and the LH2 prevalves were 
lower than expected. The response levels in the containers were as 
expected. 
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9.3.3 S-M Stage and Engine Evaluation 

Two vibration measurements were made on the structure, fifteen at can- 
ponents mounted on the stage, and thirteen at engine components. The 
maximum composite levels are indicated in Figures 9-18 and 9-19 and 
Table 9-5. 

9.3.3.1 S-IVB.Stage Structure and ComDonents, Figure 9-18 shows the 
range of vibration levels on the structure. The AS-503 ?evels were 
much lower than the maximum measured during the AS-501 and AS-502 
flights. This is due to the limited frequency range used in acquiring 
the AS-503 data. The figure shows the range of vibration levels at the 
inout to forward components and the range of vibration levels at the 
input to the aft components. The components monitored on AS-503 were 
not monitored on the AS-501 and AS-502 flights; however, inputs to 
components that were monitored are shown. 

9.3.3.2 S-IVB Stage J-2 Engine. Figure 9-19 presents data measured 
during the AS-503 flight on the twc turbopumps. These measurements were 
made with a measuremert system that was improved over that used for 
AS-50:. The AS-501 levels presented in Figure 9-19 for comparison 
include data from the turbopumps and the combustion chamber dome. The 
fact that the AS-503 levels are two to three times higher than the 
AS-501 levels may be an indication that the earlier measurement system 
was inadequate. In any case, the differences between the measured 
vibration environment is within the normal scatter of the engines. 

Figure 9-19 also presents first and second burn data from ccnnponents in 
the J-2 engine installed on the S-IV8 stage. In addition, Figure 9-19 
shows the nominal range of levels found during test firings at the 
engine contractor's test facility. With the exception of the radial 
measurement on the fuel Augmented Spark Igniter (ASI) block, the AS-503 
measurements are within the range of engine contractor's data. The AS1 
block measurement appears to be within an allowable variation, since 
component vibration levels vary greatly from J-2 engine to J-2 engine. 
However, the operation in a vacuum may be reflected by the higher level 
obtained in flight. 

9.3.3.3 S-IVB Staqe AS1 Lines Dynamics. Dynamic strain measurements 
were made on LOX AS1 lines 1 and 2 and LHp lines 1, 2, 3, and 4. The 
LOX AS1 line strains ranged from 10 to 20-v in./in. RMS. (Engine 
Contractor's static firing gave 10 to 90 u in./in. RN.) The LH2 AS1 
line strains ranged from 20 to 50 u in./in. RMS. (Engine contractor's 
static firings gave 10 to 175 u in.iin. RN.) 

9.3.4 Instrument Unit (IU) Evaluation 

There were 28 vibration measurements on the AS-503 IU. All of these 
measurements functioned properly and appeared to provide usable data. 
The telemetered data were of good quality. As on previous flights, a 
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telemetry dropout occurred during S-IC stage separation. This resulted 
in a complete loss of all single sideband data between 154.6 and 155.7 
seconds. 

The maximum composite vibration levels (Grms) occurred for about a ZO- 
second period centered near the time of maximum dynamic pressure. All 
vibration levels appeared to be nominal. For comparison purposes, the 
IU structure and component measurements are shown with those taken 
during previous Saturn V flights. Figure g-20 shows the Grms time 
histories of these measurements. 

9.3.4.1 Instrument Unit Structure. Eight measurements were used for 
monitoring structural vibration at the upper and lower interface rings. 
The AS-503 levels were generally within the envelope of previous flight 
values except for two peaks at 77 and 85 seconds- All levels appeared 
to be reasonable and no structural problems existed. After S-IC 
powered flight, the levels became negligible. 

9.3.4.2 Instrument Unit Components. Twenty measurements were used to 
monitor the IU component vibration-levels. Figure g-20 indicates a 
broader range of data than that of structure vibration measurements. 
This is due to the difference in response characteristics of the various 
components. The AS-503 component composite vibration levels appear to 
be nominal and within those of AS-501 and AS-502. The vibration levels 
during S-II and S-IVB stage powered flight were negligible. 
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SECTION 10 

GUIDANCE AND NAVIGATION 

10.1 SUMclARY 

10.1.1 Flight Program 

The guidance and navigation system performed satisfactorily during all 
periods for which data are available, The boost navigation and guidance 
schemes were executed properly and terminal parameters were very good for 
both parking orbit and translunar Injection. All target parameters were 
satisfactorily achieved ard all orbital operations were nominal. Mission 
objectives were accomplished and the nominal mission time line was flown. 

The vehicle trajectory exhibited a slightly flatter altitude profile than 
that predicted in the operational trajectory. Analysis reveals that the 
most probable cause was the vehicle state vector at Iterative Guidance 
Mode (IGM) initiation being different than predicted. At S-JC Outboard 
Engine Cutoff (OECO), the vehicle altitude was less than predicted and 
the velocity was greater. The resulting optimun fuel usage trajectory 
determined by the Launch Vehicle Oigital Computer (LVDC), flight program 
was predictable and resulted in satisfactory end condltlons. 

A roll angle offset, varying from 0.3 to 0.5 & ree was evident through- 
out boost. A combination of Center of Gravity 9 CG) offsets and thrust 
vector misalignments is the most probable cause. 

10.1.2 Instrument Unit Components 

Data indicates that the Launch Vehicle Data Adapter (LVDA) and the LVDC 
performed as predicted. There were numerous error monitor register 
indications of Triple Modular Redundant (TMR) logic disagreements In the 
interrupt processor during Time Base 7 (T7). Such indications on past 
missions have been associated with the command and communications subsystem 
operation. All commands were received and processed, thus these indlca- 
tions had no detrimental effect on the flight. 
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The ST-124M-3 inertial platform and associated electronic equipment 
performed as expected. Telemetry from the LVDC indicated that inertial 
reference was still being maintained at 25,420 seconds (7:03:40). The 
accelerometer loop signals indicated that the accelerometers correctly 
measured vehicle acceleration throughout the flight. Temperatures, 
pressures, and voltages were nominal to 13,410 seconds (3:43:30). 

10.2 GUIDANCE AND NAVIGATION SYSTEM DESCRIPTION 

10.2.1 Flight Program Description 

The flight program controls the LVDC from Guidance Reference Release (GRR) 
until the end of the mission, The program performs seven primary functions: 
navigation, guidance, event sequencing, attitude control, data management, 
ground command processing, and hardware evaluation. 

10.2.1.1 Preflight Prepare-to-Launch Mode 

At approximately -13 minutes, the LVDC is cotmnanded Into the Prepare-to- 
Launch (PTL) mode by a mode cotmnand from the RCA-11OA ground computer. 
This ground routine performs certain prelaunch functions and prepares 
the LVDC for entering the fllght mode. 

10.2.1.2 Boost Initialize 

The flight program contains routines which initialize navlgatlon quantities, 
boost-to-parking orbit parameters, and translunar injection parameters. 
The variable azimuth routine computes an azimuth from a redScted liftoff 
time which is computed from the Greenwich Mean Time (GMT ! maintained In 
the PTL mode. This azimuth is used to compute an inclination and a 
descending node. The translunar injection targeti'ng routine uses an 
interpolation scheme to determine orbital energy, right ascension, 
declination and cosine of the true anomaly of the target vector, and 
eccentricity of the transfer ellipse from the predicted liftoff time. 
Boost initialize also computes transformation matrices from the azimuth, 
Inclination, descending node, and launch pad latitude, and target vectors 
for first and second opportunities from right ascension, decllnatlon, 
launch pad latitude, azimuth, and the angle between the launch meridian 
and the vernal equinox. 

10.2.1.3 Boost Routines 

In general, the boost routines perfonn navigation and guidance, event 
sequencing, and attitude control. Boost navigation encompasses the 
computations and logic necessary to determine position, velocity, and 
acceleration of the vehicle during powered flight phases. 
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The boost guidance is divided into two distinct modes, pre-IGM and IGM. 
The ore-IGM guidance, used during S-IC and part of S-II stage operation, 
computes guidance cormnands during the interval from GRR to IGM initiation. 
Programled commands include a yaw maneuver for tower clearance and rol? 
and tilt commands. The yaw maneuver is initiated 1 second after Instrument 
Unit (IU! umbilical disconnect and roll and tilt are initiated when the 
vertical component of the space-fixed position changes by 138 meters 
(452.8 ft), approximately 11 seconds after liftoff. A time backup of 
11.4 seconds is provided in case of an accelerometer failure. The roll 
command is initiated to align Position 1 with the flight azimuth. The 
pitch profile is arrested at 146.5 seconds nominally, and the pitch, roll, 
and yaw commands are frozen from this time until IGM initiation. If an 
S-IC stage engine failure is detected, the steering angle is frozen for 
a specified time dependent o!i the time of the engine failure. The tilt 
arrest time is also adjusted. 

The guidance scheme used in the S-II stage and S-IV8 stage burn is a 
modification of the multistage three-dimensional form of IGM. IGM is a 
near optimal scheme based on the flat earth optimum steering function for 
planar motion of a point-mass vehicle. The approximate thrust vector 
steering function is implemented in both the pitch and yaw planes. IGM 
is implemented in two flight modes. The first mode (boost-to-parking 
orbit IGM) starts 40.6 seconds after S-IC stage OECO and is terminated 
at first S-IVB stage cutoff. The second mode (out-of-orbit (GM), starting 
approximately 14 seconds after S-IVB stage reignition, is terminated at 
second S-IVB stage cutoff, Steering Misalignment Correction (WC) is used 
during both IGH modes of flight. 

The equations and logic needed to implement IGM are essentially the same 
for both modes. During the boost-to-parking orbit mode the S-II/S-IVB 
staging sequence causes a rapid variation of thtb force-to-mass ratio, To 
smooth the steering commands of these disturbances IGM is supplemented 
by periods of artificial tau. The sensitivity of the IGM to changes in 
force-to-mass increases as the desired terminal parameters are approached. 
A terminal scheme is required (chi bar steering) which uses only the 
velocity constraint terms. During chi bar steering, the altitude 
constraint terms are set to zero. The first S-IVB stage cutoff signal 
is given by the p;l.Cram when the desired terminal velocity is re ched. 
To obtain an accurate cutoff velocity, a high-speed computer loop is 
entered just prior to cutoff. 

Because of perturbations in the parking orbit, it is desirable to revise 
the out-of-orbit &sired trajectory to be near optimum for the actual 
oroi t rather than the desired orbit. Hence, near the reignition point, 
computations to determine the plane of the transfer ellipse and the 
dimnsions of the ellipse (defined by energy, eccentricity, and argunent 
af perigee) are made. These data are then used by the out-of-orbit IGM 
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equations. The most significant difference between the out-of-orbit and 
boost-to-parking orbit equations is that the terminal parameters are 
recalculated each cycle as a function of the ran;le angle. The point of 
Injection on the waiting orbit ellipse varies with range angle to 
constrain the argument of perigee. The high-speed loop is agaIn employed 
to jssue the second S-IVB stage cutoff comand. For the out-of-orbit case, 
the terminal velocity is recalculated each cycle through the high-speed 
loop to force a correct orbital energy at engine cutoff. 

A backup IGM is-provided to give correct guidance in case of an early 
S-II stage engine cutoff, This scheme is essentially the salne as the 
out-of-orbit except the ergument of perigee constraint is dropped. 

Event sequencing is accomplished by the switch selector routine on an 
interrupt basis. This routine provides the communication link between 
the LVDC and the control distributors in the IU and in each stage. 
The routine determines if it is time to issue a switch selector command, 
verifies that no switch selector stage was hung, verifies that the 
correct address is sent to the stage switch selector, and issues the 
read commands. 

Attitude control is accomplished in the minor loop section of the program 
on an interrupt basis. The minor loop support routine (a part of the 
major loop) includes calculations of such parameters as steering rates to 
be applied In the minor loop. The boost minor loop is entered at a rate 
of 25 times per second and processes platform gimbal angles to compute 
attitude errors to drive the gimbal angles to their deslred values. 
Limiting of the ladder outputs is accomplished when necessary, and backup 
and failure paths are provided in case gimbal angle discrepancies occur. 

10.2.1.4 Orbital Routines 

The orbital program cons!sts of two interruptable monitor routines. The 
first Is the IU Hardware Evaluation Program (HEP), and the second is the 
Telemetry Executive Progmm (TEP). Navigation, guidance, event sequencing, 
attitude control, and ground command processing are initiated on an inter- 
rupt basis from either tlEP or TEP, 

During orbital flight and when the vehicle is not over a ground station, 
the HEP routine is exercised. For this mission, however, no hardware 
evaluation functions were defined and the HEP routine operated as a 
dunmy monitor routine. 

Once the vehicle acquires a ground station, TEP is entered as the program 
major loop. This routine provides time sharing telemetry of compressed 
and real time data. In addition, various special data are telemetered 
on an interrupt basis. Data from the LVDA is telemetered automatically. 
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Orbital guidance controls the vehicle attitude during the earth parking 
orbit (T5) and after S-IVB second burn cutoff (T7). 

During T5. the vehicle is continuously comMnded to track the local 
horizontal with a zero degree roll. This attitude is maintained until 
IGM starts in the second S-IVB burn. In T7, the local horizontal is 
again commanded until the spacecraft separation maneuver at 17 + 907.98 
seconds. The separation attitude is dependent on lighting constraints 
for the spacecraft and may be different for each day of launch. This 
inertial attitude for separation is held until T7 + 6540 seconds. At 
that time the slingshot attitude, which is independent of launch day, 
is assumed. 

Orbital navigation encompasses the computations necessary to determine 
position, velocity, and acceleration in the space-fixed coordinate 
system during earth orbit. These computations are carried out in an 
indirect fashion, making use of mathematical models of the earth, its 
atmosphere, and the vehicle to approximate the effects of the earth on 
the vehicle. Navigation is accomplished by integrating the space-fixed 
accelerations. These accelerations are obtained by solving an approximate 
atmospheric drag equation, by rotating prestored body-fixed vent accelera- 
tions through the platform gimbal angles, and by solving for gravitational 
accelerations. The gravitation model is the same as that used in boost 
with the addition of two oblateness terms. The integration scheme is a 
modified Scarborough routine, It is a self-startfng scheme that is carried 
out in two basic steps, The first step obtains predicted values of posi- 
tion and velocjty at the midpoint of the integration interval. Gravita- 
tional, vent, and drag acceltirations are then computed based on these 
midpoint positions and velocities at the end of the interval. Accelera- 
tions are again computed and the second step is completed by calculating 
corrected end point values of position and velocity. Values for positlon 
at points within the a-second intervals between integrations are calculated 
assuming a constant velocity over the interval. A routine for telemetry 
station acquisition, as a functjon of position, is included. This routlne 
is also entered upon exit from the minor loop at 8-second intervals. 

Event sequencing in orbit is accomplished exactly as in the boost phase 
with the added capability to receive special output sequence commands 
from ground stations after T7 + 1200 seconds. 

Attitude control for orbital operation is accomplished in the same manner 
as in the boost phase with the exception of the rate of Entry into the 
minor loop. The orbital minor loop is entered 10 times per second. The 
first and fifth asses being the attitude update pass (cycled through 
twice per second and the remaining ei ht passes are for attitude hold 
(cycled through eight times per second to minimize drift problems. 

!i 
s 

Ground command processing is accomplished by the Command Decoder 
interrupt with the Digital Cotmland System (DCS) routine. The DCS routine 
processes all ground commands, provides data and mode verification, and 
supplies the necessary information to the various affected routines. 
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10.2.1.5 Flight Program Differences: AS-503 Compared to AS-502 

The following functions were deleted: 

a. Computer simplex operations. 

b. Compression of computer interface unit data. 

C. Navigation update DCS cotnnand. 

d. Self-test 

The following functions were changed: 

a. Time of DO12 moved to middle of boost initialize. 

b. Propellant utilization system operated open loop. 

C. Acquisition and telemetry station loss done on navigation calculations. 

The following functions were added: 

a. Interface with the RCA 1lOA ground computer in the azimuth laying 
program was programed. 

b. Variable targeting calculations in boost initialization. 

C. Spacecraft comnands for S-IVB stage early staging and S-IVB stage 
cutoff. 

d. Translunar injection burn can be inhibited by spacecraft command. 

e. Alternate sequences for 02/H2 burner malfunction. 

f. Capability for second S-IVB stage burn without spacecraft, 

9. Logic to provide two restart opportunities. 

h. Redundant guidance failure indication. 

i. Six dutmny telemetry stations added to increase coverage during restart. 

j. Variable targeting calculation telemetry. 

10.2.2 Instrument Unit System Description 

A block dia ram of the navigation, gtiidance and control system is shown 
in Figure 1 1 -1. 
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Figure 10-l. Navigation, Guidance and Control System Block Diagram 
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The LVDC is a high-reliability general purpose random-access digital 
computer which contains the logic circuits, memory, and timing system 
required to perform mathematical operations necessary for navigation 
guidance, and vehicle flight sequencing. The LVDC is also used for 
prelaunch and orbital checkout. 

The LVDA is the input/output device for the LVDC. These two components 
dre digital devices which operate in conjunction to carry out the flight 
program. This program performs the following functions: 

a. Processes the inputs from the platform. 

b. Performs navigation calculations. 

C. Provides first stage tilt program. 

d. Calculates IGM steering comnands. 

e. Resolves gimbal angles and steering commands into the vehicle system 
for attitude error commands. 

f. Issues cutoff and sequencing signals. 

The ST-124M-3 inertial platform assembly is a three-gimbal configuration 
with gas bearing gyros and pendulous integrating gyro accelerometers 
mounted on the stable element to provide an inertial space-fixed coordi- 
nate reference frame for attitude control and navigation measurements 
(see Figure 10-2). Vehicle accelerations and rotations are sensed 
relative to the stable element. Gimbal angles are measured by resolvers 
which have both fine and coarse outputs. Inertial velocity is obtained 
from measurements of the angular rotation of the accelerometer measuring 
head. The data arc in the form of encoder outputs which have redundant 
channels. 

lQ.3 GUIDANCE COMPARI33K 

The postflight guidance hardware error analysis is based on comparisons 
of the ST-124M-3 platfon measured velocities with the postflight trajectory 
(OMPT), established from external tracking data. Figure 10-3 presents 
comparisons of the platform measured velccities with corresponding values 
from the final postflight t-ajectory. A :JOsitive difference i:idicates 
trajectory data greater than the platform measurement. The velocity 
differences shown for the pitch plane (ra-?ge and altitude) are essentially 
zero from T3 to parking orbit insertion. The differences during the S-IC 
stage flight probably result from roughness in the data. 

The crossrange velocity difference builds up to -1.45 m/s (-4.76 ft/s) by 
S-IVB first cutoff. There appears to be a velocity bias of about -0.2 m/s 
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Figure 10-2. Platform Gimbal Configuration 

(-0.66 ft/s) which is probably in the trajectory data. Hweyw, the 
differences at parking orbit insertion are well within the accuracy of 
either the tracking data or 3 sigma hardware errors. 

The velocity differences are relatively small and well within the accuracy 
of'"the tracking data and/or the aligmrent of the platform after 9659.54 

~ 

seconds. Since the platform velocities are set to zero in the LVDC after 
parking orbit insertion and held to zero until TG, the comparisons represent 
the differences accumulated during TG only. The crossrange velocity dif- 
ferences exhibit a characteristic shape which could result froRI an 
accumulated platform misaligrxnent about the X or Z axes or so11# combination 
of small angles. Mwever, this represents a very small platform drift. 
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The range velocity differences taken alone could result from an accumu- 
lated pitch alignment error. However, the trer;d of the altltude velocity 
differences are not consistent with the range difference curve. The 
inertial platform accelerations were positive in all three components 
during the entire S-IVB second burn mode. The crossran e accelerations 
were relatively small, which indicates that no s reasonab e alignment errors 
would produce the combination of range and altl tude velocity differences. 
The differences are probably the result of limited ground tracking 
available for trajectory construction. In any case, the differences 
shown for the boost phase of flight are well within the accuracy of the 
data compared. 

The velocities measured by +.h? ST-124M-3 platform system at significant 
flight event times are show r! in Table 10-l. along wlth corresponding 
values computed from the final OMPT and the preflight Operational Tra- 
jectory (Of), computed using the actual fllght atlmuth. The trajectory 
data were taken directly from both the OMPT and the Of. The Of platform 
velocities were initialized to zero at liftoff, which results In a plat- 
form OT altitude velocity error of 168.9 m/s low. However, the naviga- 
tion positions and vcloc1ties do not reflect this error. 

Comparisons of navigation (PACSS 13) positions, velocltles, and flight 
path angle at significant flight event times are presented in Table 10-2. 
For the boost to parking orbit portion of fllght, the guidance LVDC and 
OMPT parameters were in very good agreement. At parklng orbit insertlon, 
the velocit 

J 
component differences were -0.21 m/s (-0.66 ft/s), -1.24 m/s 

(-4.07 ft/s and 0.04 m/s (0.13 ft/s) for altitude, crossrange, and range 
velocities, respectively. The difference In total wloclty was 0.12 m/s 
(0.39 ft/s). These differences are well wlthln the accuracy of either 
the trajectory data or the 3 sigma guidance hartire errors. 

The vehicle was approximately 1.0 kilometer (3281 ft) lower in altitude 
than nominal at S-IC OECO. The burn time fran T2 to T3 was about 2.49 
seconds longer than nominal and the total velocity was 12.79 m/s (41.96 
ft/s) greater than nominal. However, the optinun fuel usage trajectory 
determined by the LVDC flight program was predictable and satisfactory 
end conditions were obtained. At S-IVB first cutoff, the radius and 
total velocity were 54 nrcters (177 ft) greater and 0.01 m/s (0.03 ft/s) 
less than nominal, respectively. 

The comparisons for the second burn mode of the S-IVB are very good, with 
both the postflight aod preflight trajectory values. This Indicates a 
near nominal parking orbit computed by the LVDC and also near nominal 
second burn mode. At S-IVB second cutoff, the respective radius and 
total velocity differences (trajectory minus LVDC) were 0.301 kllorncter 
(988 ft) and -1.99 m/s (-6.53 ft/s) for the postflight trajectory and 
-3.118 kilometers (-10,230 ft) and 2.78 m/s (9.12 ft/s) for the preflight 
trajectory. Since the S-IVB second cutoff was oased on energy rather 
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Table 10-l. Inertial Platform Velocity Comparlsons 

DATA VELOCITY m/s (ft/s) 
EVENTS SOURCE 

ALTITUDE (k) CROSS RANGE(~m: RANGE (im) I- 
:t&of T2 Guidance 2158.30 2.15 1348.5G 

. (7081.04) (7.05) (4424.21) 

Postfllght 2158.42 1.89 1348.28 
Trajectory (7081.43) (6.20) (4423.49) 

Preflight 2035.07 -1.49 1379.36 
Trajectory (6676.74) (-4.89) (4525.46) 

s-IC Guidance 2565.30 -3.75 2180.73 
OECO (8416.34) (-12.30) (7154.63) 
153.82 s 

Postfllght 2565.57 -3.98 2180.37 
Trajectory (8417.22) (-13.06) (7153.44) 

Preflight 2419.38 -3.23 2149.28 
Trajectory (7937.60) (-10.60) (7051.44) 

S-II Guidance 3360.63 -2.00 6652.20 
EC0 (11.025.69) (-6.56) (21.824.80) 
524.04 s 

Portflight 3360.70 -3.72 6652.31 
Trajectory (11.025.92) (-12.20) (21.825.16) 

Preflight 3151.46 -0.31 6632.05 
Trajectory (10.339.44) (-1.02) (21.758.73) 

s-IVB Guidance 3123.60 0.75 7599.72 
First Cutoff (10.248.03) (2.46) (24.933.46) 
684.98 s 

Postflight 3123.35 -0.70 7600.07 
Trajectory (10.247.21) (-2.30) (24.934.61) 

Preflight 2942.82 0.44 7598.07 
Trajectory (9654.92) (1.44) (24.928.05) 

Parking Orblt Guidance 3123.15 0.75 7601.45 
Insertion (10.246.56) (2.4a (24.939.14) 
694.98 s Postflight 3122.99 -0.68 7601.46 

Trajectory (10.246.03) (-2.23) (24.939.17) 

Preflight 2942.31 0.44 7599.90 
Trajectory (9653.25) (1 .w (24.93406) 
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Table 10-l. Inertial Platform Velocity Comparisons (Continued) 

DATA 
EVENTS 

VELDCiTY m/s(ft/s) 
SOURCE ' 

ALTITUDE (I&,,) CROSS RANGE&,) RANGE (2,) 

s-IVB l Guidance 1857.75 509.77 2532.63 
Second Cutoff ( 6094.98) 
lD,555.51 s 

(1672.47) (8309.15) 

Postflight 1858.37 505.73 2530.47 
Trajectory (6097.01) (1659.22) (8302.07) 

Preflight 1854.85 510.65 2534.37 
Trajectory (6085.47) (1675.36) (8314.86) 

Injection l Guidance 1859.60 510.75 2535.90 
Waltlng Orbit 
lD,565.51 s 

(6101.05) (1675.69) (8319.88) 

Posttllght 1860.07 506.73 2533.60 
Trajecr,ory (6102.59) (1662.50) (8312.34) 

PW?1ght 1856.74 511.71 2537.74 
Ti-aJeCtOry (6091.67) (1678.84) (8325.92) 

l Values represent velocity change from Tim Base 6. 
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than total velocity, the 2.78 m/s-difference betueen the LVDC and pre- 
flight trajectory values does not represent the error In cutoff condltlons. 
Second burn mode end conditions am glven In paragraph 10.4, 

10.4 NAVIGATION AND GUIDANCE SCHEME EVALUATION 

10.4.1 Flight Program Performance 

The flight program performed correctly based on a review of available 
data. All boost and orbital navigation functions vlere performed properly. 
Accelerations were computed correctly throughout all of boost and no 
unreasonable accelerometer readings were indicated by the reasonableness 
tests or zero change tests. 

The tower avoidance maneuver was executed properly at the expected tlme. 
The maneuver to remove the roll bias and the start of the time tilt pitch 
guidance were both initiated at 12.11 seconds when the altltude was greater 
than 133 meters (452.8 tt). The roll bias was removed at 31.52 seconds, 
Tilt arrest occurred at 145.50 seconds. The program detected OECO at 
153.82 seconds. 

The active guidance phases start and stop times are given in Table 10-3. 
Included in this table are the start and stop times for the artificial 
tau phases and chi freezes. There were 0.5 and 0.1 degree changes In 
commanded pitch and yaw, respectively, when IGM computations were Inltlated 
in S-II burn. The *C's (a correction factor for thrust misallg~ents, 
were initiated at 214.47 seconds, 542.02 seconds, and 10.253.53 seconds 
S-II, first S-IVB and second S-IVB burns, respectively. 

etc,) 
in 

Table 10-3. Start and Stop Times for IGM Guidance Commands 

FVfNf IliM PHASES AMIFICAA 7AkP TERMINAL GuIrJeuL 
OU) (SW) (CHI lI\yJEfIIIK) 

START STOP SUM STOP STMT STW 

First Phase 101 lW.22 443.65 

Second Ph4sa 16w 443.65 5i3.12 Ul.91 4w.25 

lhlrd Phase 101 532.67 677.60 523.63 W.01 652.87 677.60 

Faurt!! Phase IfiM 10.245.63 10.247.73 10.2U.17 10.246.06 

Fifth Phase IM 10.247.73 10.553.37 10.246.4 10.247.96 10.528.32 10.553.37 

l Tlms to mrnst corputrt1al cycla. 
l * Strrt orbit41 tim line 

ATTlTU# F0ECZE 
(CM 

f 1 
sFpL 1 

513.12 532.07 

677.60 6W.W. 

10.553.37 10.555.38n 

The presetting of tau 3 was approximately 88 seconds too small in the first 
S-IVB burn and approximately 80 seconds too large in the second. In first 
S-IVB burn this resulted in a change of 11.5 and 0.29 degrees in the pitch 
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and yaw comnands, respectively. For the second S-IVB burn, the change 
was 3.0 and 6.6 degrees in pitch and yaw, respectively. The computed 
cutoff times in first and second burns were 684.98 seconds and 
10.555.51 seconds, respectively. The velocity cutoff conditions for 
first S-IVB burn are given in Table 10-4. The energy cutoff conditions 
for second S-IVB burn are given in Tab12 10-5. 

The orbital guidance routine was entered at the start of T5 and T7. The 
program commanded the vehicle to local horizontal 20 seconds into each 
time base. All commands were proper. 

10.4.2 Attitude Error Computations 

The minor loop performed as expected during flight. No unreasonable 
gimbal angles were detected. Performance during IGM flight is shcown 
in Figure 10-4. 

A roll attitude error from 0.3 to 0.5 degree was present from liftoff 
through S-II burn. This was probably caused by a combination of CG off- 
set and thrust vector misalignment. In response to this bias, the 
platform roll gimbal angle was maintained 0.3 to 0.5 degree away from the 
commanded angle. This gimbal angle bias was recognized correctly by the 
flight program and entered into the control coordinate transformation. 
Consequently, no deterioration of control performance occurred. 

10.4.3 Program Sequencing 

All programned events occurred properly. The successful translunar 
injection essentially demonstrated that all program sequencing was 
followed. 

However, the propellant mixture ratio change was programmed to occur when 
"time-to-go" in the first stage IGM (TlI) was calculated to be zero. The 
LVDC program was compatible with the OT and Engine Mixture patio (EMR) 
shift occurred 289.62 seconds, compared with 289.66 seconds for the OT. 
The time difference (0.04 seconds) is within the length of a LVDC comouter 
cycle (approximately 1.7 seconds) at this time. EMR shift occurred as 
pro~*amned. However, the propulsion predictions used in the Of assumed 
a fixed time of 284.05 seconds in T3. 

The actual EMR shift time was consistent with the preset value of 246.5 
seconds for TlI. In order to be consistent with the propulsion oredictions, 
the guidance presetting for TlI should have been reduced by 4.2 seconds to 
242.3 seconds. Also, T2I presetting would have had to be increased by 
the Sam? amount to be compatible with the propulsion prediction. 
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fable 10-4. S-IVB First Burn Guidance Cutoff Conditions 

PARAMETER 

Range Time 

Velocity 

Radius 

Inclination 

Descending Node 

Path Angle 

Azimuth 

Apogee 

Perigee 

TARGET 
VAlUE 

5 684.98 

m/s 7791.0608* 7790.986 0.075 
( ws 1 (25.561.2231) (25560.978) (0.245) 

meters 6.5639366 6.563.392 
(ft) (21.533.354) (21.533.439) (ii, 

deg 32.5031 32.5036 0.0005 

WI 123.004 123.004 O.oooO 

dcg 0.0 o.mO63 o.Ow63 

de3 72.1239 

meters 6.563,411 
(ft) (21.533,501) 

me tars 
(ft) 

6,556,488 
(21.510.787) 

AcruM 
VALUE 

UNIT IEllA 

-. 

*The preset velocity, 7793.0429. is biased by 1.98215 to c-sate for tiwust 
decay (7793.0429 - 1.98215 = 7791.0608). 

Table 10-S. Guidance Comparisons ElliPtical Orbit Parameters 
at S-IVB Second Cutoff 

PARAMETER UNITS DATA SOURCE I 

LVOC OWQT OT 
P 

Eccentricity 0.97488614 0.97425438 0.97496599 
Argumnt of Perigee deg 29.665288 29.595497 29.658827 

Inclination dcg Jo.620166 30.639100 30.614597 

Descending IMe+ I Ml I 119.552751 119.592571 119.55035 f 

Energy d/s2 -1,518,371 -1,556.m 
(ft2/s2) (-16J43.609) (-16.753.229) (-16,290,597) 

*Includes longitude of launch site (BO.6C1 degrees west) 

lo-18 



, ?. 1” ?. 
I 

10-19 



lU.5 GUIDANCE SYSTEM COMPONENT EVALUATION 

10.5.1 LVDC Performance 

The LVDi performed as predicted for thi! Aj-503 mission. No valid error 
monitor words and no self-test error data have been observed that indicate 
any deviation from correct operation. 

10.5.2 LVDA Performance 

The LVDA performance was nominal. Error monitor words with associated 
error time words occurred on this flight as on past flights. These words 
were associated with the TMR logic inputs to the interrupi. pr;;;essor. 
These indications had no detectable effect on the performance of the 
LVDA during the flight. 

10.5.3 Ladder Outputs 

The ladder networks ard converter amplifiers performed satisfactorily. 
No data have been observed that indicate an out-of-tolerance condition 
bet ,len channel A and the reference channel converter,amplifiers. 

10.5.4 Telemetry Outputs 

Anal-sis of the al*ailable analog telemetry buffer and f7ight control 
computer attitude error plots indicated symnetry between the buffer 
outputs and the ladder outputs. The analysis of the available LVDC power 
supply plots indicated satisfactory performance of the power supply 
telemetry buffers. 

10,5.5 Discrete Outputs 

No valid discrete output register words (TAGS 043 and 052) were observed 
to indicate guidance or simultaneous memory failure. 

10.5.6 Switch Selector Functions 

Switch selector data indicate that the LVDA switch selector functions were 
perfolned satisfactorily. No error monitor words were observed that 
indicate disagreement in the TMR switch selector register positions or in 
the switch selector feedback circuits. No mode code 24 words or switch 
selector feedback words were observed that indicated d switch selector 
feedback was in error. In addition, no indications were observed to 
suggest that the 13 channel input gates to the switch selector register 
postions were selected. 

10.5.7 ST-124M-3 Inertial Platform Performance 

The inertial platform system performed as designed with no unexpected 
deviations. 
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The accelerometer servo loops functioned as designed and maintained the 
accelerometer float within the measuring head stops (f6 degrees) through- 
out the flight. The accelerometer encoder outputs indicated that the 
accelerometers accurately measured the vehicle acceleration. 

The X, Y, and 2 gyro servo loops for the stable element functioned as 
designed. The operational limits of the servo loops were not reached at 
any time during the mission. Telemetry from the LVDC indicates that the 
inertial reference was still being maintained at 25,420 seconds. 

Oscillations of 5.5 hertz could be seen on an oscillogram of the Z gyro 
pickup signal beginning at 116 seconds and ending at 158.8 seconds. These 
oscillations were apparently the result of an external force since they 
were also observed on a longitudinal accelerometer not associated with the 
platfonn. Maximum amplitude reached 0.2 degree peak-to-peak at S-IC 
cutoff. Similar oscillations were observed on AS-502. 

The fine and backup gimbal resolver outputs indicated nominal performance. 

The portions of the environmental control subsystem associated with the 
ST-124M-3 stabilized platform subsystem performed nominally through 
10,700 seconds. Subsequent data is not available at this time. 

Available data indicates that all temperatures and pressures associated 
with the ST-124M-3 remained within specifications through 13,410 seconds. 
Gaseous Nitrogen (GN2) and coolant flowrates also were nominal through 
13,410 seconds. 

The ST-124M-3 inertial platform assembly vibration levels during (or near) 
liftoff for AS-503 compared closely to those of AS-501 and AS-502. The 
vibration levels of all three vehicles (during the liftoff period) were 
similar in both amplitude and frequency. Four measurements exceeded the 
test specification for vibration acceptance on AS-503. This is a 
previously reported condition which is not believed to be detrimental to 
the stabilized platform subsystem. 

Figure 10-5 shows a time history of the composite Grms level of vibration 
m.zasured on the inertial gimbal during the first 140 seconds of flight 
for U-503, AS-502, and AS-501. This figure shows a similarity of the 
vibration profile for all three flights. 

From an analysis of the available data, the following conclusi;jns regard- 
ing ST-124M-3 inertial platform assembly vibrations on AS-503 iiave been 
reached: 

a. There were no vibration-induced malfunctions of the ST-124M-3 inertial 
platform on AS-503. 
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b. The low-frequency vibrations at liftoff exceeded the random vibration 
test specifications in the perpendicular and longitudinal directions. 

C. The vibration profile of AS-503 was similar to those of AS-501 and 
AS-502. 

d. Data indicates that the vibration frequency and amplitude of AS-503 
will be typical of AS-504. 

INERTIAL VERTICAL AXIS 

41 
INERTIAL CROSWNGE AXIS 

L I I I I I I I I I I I I I I 1 
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Fiqure 10-5. Saturn V Inertial Gimbal Vibrations 
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SECTION 11 

CONTROL SYSTEM 

11.1 SlMARY 

The AS-503 Flight Control Computer (FCC), Thrust Vector Control (TVC), 
and Auxiliary Propulsion System (APS) satisfied all requirements for 
vehicle attitude control during boost and orbltal control modes. Banding 
and slosh dynamics were.adequately stabilized. The proqrrnwd 1.25 degree 
yaw maneuver to provide tower clearance was properly executed, makl 
vehicle-tower clearances during liftoff satisfactory with less than 7 5 
percent of the available margins utilized. At 12.11 seconds a simultaneous 
pitcu-roll maneuver was begun. The vehicle rolled about 18 degrees to the 
72.124 degree flight azimuth. Vehicle response to the steering cumnands 
(attitude error signals) was nominal , and the roll and pitch programs 
were satisfactorily completed. 

To improve S-IC outboard engine out characteristics, the FCC control 
outputs to the F-l engines were biased to provide a 2-deg~ outboard 
cant beginning at 20.64 seconds. The canting had ncqllglble effect on 
the contrP1 system. The wind biased pitch tilt program resulted In nminal 
control system activity and ion angles-of-attack during the high dynamic 
pressure region of flight. Throughout WC boost the control system was 
required to correct for a : .eady state roll torque which resulted in a 
roll attitude error of +0.4 degree. 

S-IC/S-II first and second plane separations were satisfactory, rrsultlng 
in minimum disturbance to the control system. The Pragr#ncd Mixture 
Ratio (PMR) shift resulted in only a smal; attitude change. Following 
PMR shift the rate gyros detected an 18 hertz oscillation; however, the 
FCC filter networks attenuated the signal so that the oscillation could 
not be seen in the actuator currants. The S-II stage also experienced 
a steady state roll torque resulting in a roll attitude error of +0.5 
degree. 

S-II/S-In separation was nominal and caused only small attltude disturb- 
ances. Control system activity during first and second S-IV9 burns was 
nominal. At third stage Iterative Guidance Mode (KM) initiation, there 
was an attitude disturbance in the pitch plane, reaching a 2.2.degree 
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attitude error. The first LOX slosh frequency was observed in the pitch rate 
during the first 20 seconds of S-IVB second burn. The vehicle experienced 
a small clockwise roll torque of 7 to 8 N-m (5 to 6 lbf-ft) during both 
burns, resulting in minimal APS propellant consumption for roll control. 

At approximately 20 seconds after S-IV8 first and second cutoffs, the 
vehicle was maneuvered to align the longitudinal axis along the local 
horizontal. At approximately 908 seconds after second S-IVB cutoff, the 
vehicle was cmanded through a 120-degree pitch up and a 180-degree 
counterclockwise roll maneuver to obtain the desired Command and Service 
Module (CSM) separation and S-IVB communications attitude. Following 
CSM separation the launch vehicle maintained a frozen inertial attitude 
until 6541 seconds after second cutoff, when the vehicle was cotmnanded 
to the "s1ingsho.t." maneuver attitude (180 degrees pitch, 0 degree yaw, 
and 180 degrees roll attitudes relative to local horizontal). This 
attitude was inertially held through the maneuver. 

At approximately 19,556 seconds the S-IVB ullage engines were ignited to 
provide additional AV for the "slingshot" maneuver. Ullage engine No. 2 
propellant depleted at 20,288.56 seconds, and engine No. 1 depletion 
occurred at 20,314.OO seconds. Since the ullage engines and the APS 
modules use the same propellant suppl,, no APS control was available sub- 
sequent to depletion. The Launch Vehicle Digital Computer (LVDC) was 
still issuing viiid attitude commands at 21,214 seconds since angular 
rates followirg depletion were small and the attitude reference was not 
lost. However, the pitch, yaw, and roll attitude errors had all reached 
their 6.0-degree ladder limit at that time. 

11.2 CONTROL SYSTEM DESCRIPTION 

Figure 10-i (Section 10) shows the interconnection and signal flow paths 
of the control components as they relate to the guidance components. 

Vehicle attitude correction is accomplished in accordance with the require- 
ments of the guidance system through attitude error signals. These signals 
are generated by the LVDC and Launch Vehicle Data Adapter (LVDA). Duri,lg 
S-IC stage burn, attitude steering commands are the result of the pre- 
programned yaw and roll maneuvers and the time tilt pitch program. At 
ache initiation of IGM during S-II bum, attitude steering commands becom 
the result of guidance system computations. 

The AS-503 FCC, which is essentially identical to the AS-502 FCC, is an 
analog computer which generates the proper conmnands for the S-IC, S-II, 
and S-IV8 stage engine actuators and S-IV8 stage APS. In generating the 
engine camnands, the FCC processes and combines attitude error signals 
from the LVDA and angular velocity signals from the Control-EDS Rate 
Gyros/Control Signal Processor (CSP). 
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S-IV6 stage attitude control comnands to the APS are provided to the roll 
axis during S-IVB stage burn and to all three control axes during coast. 

The Control-EDS Rate Gyros/CSP used on AS-503 were essentially identical 
to those used on AS-502. The Control-EDS Rate Gyros/CSP combination 
provides angular velocity signals to the FCC for dynamic feedback. The 
Control-EDS Rate Gyros contain nine rate gyros, three in each axis. On 
AS-503 the S-IC outboard engines were canted 2 degrees outboard beginning 
at about 20 seconds. 

11.3 S-IC CONTROL SYSTEM EVALUATION 

The AS-503 control system performed satisfactorily during S-IC powered 
flight with all control variables within predicted envelopes. The P-degree 
outboard canting =f the control engines was accomplished as planned. 

Vehicle liftos'f acceleration was as predicted and was similar to the AS-502. 
The vehicle cleared the launch platform and tower using less than 25 percent 
of the available clearance. The pitch, yaw, and roll guidance maneuvers 
were executed as planned. 

The vehicle performed within fliqht dynamic constraints throughout flight. 
In the region of high dynamic pressure the maximum angles-of-attack were 
2.0 degrees in pitch and 2.5 degrees in yaw. The maximum average pitch 
engine deflection was -C.5 degree due to a wind shear and the maximum 
average yaw engine deflection was -0.5 degree due to the yaw maneuver. 

11.3.1 Liftoff Clearances 

The vehicle cleared th? mobile launcher structure using less than 25 percent 
of the available clearance as shown in Table 11-l. The ground wind was 
from the north with a magnitude of 5.1 m/s (10 knots! at the 18.3 meters 
(60 ft) level. The liftoff vertical motion, as shown in Figure 11-1, was 
very close to predicted. The release forces of the 12 lubricated rods 
were slightly higher than predicted. Table 11-2 compares the vehicle 
misaligtiments measured during flight with preflight measurmnts. 

The clearance between the vehicle thrust structure and the holddown post 
as determined by liftoff cameras is shown in Figure 11-2. Also shown is 
the motion of engine No. 2 with respect to the holddown post at position 
III. The motion of the vehicle was nearly vertical with 1.9 centimeters 
(0.75 in.) of lateral motion at the 61 centimeters (24.0 in.) level. The 
actual motion was within the predicted clearance envelopes. Following 
holddown arm release, the vehicle rolled to a trim angle of +0.4 degree. 
This roll motion resulted in 2.5 centimeters (1 in.) of tangential motion 
of the engines which compares to an available clearance of 1.2 meters 
(3.9 ft). 
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Table 11-l. Sutmnary of liftoff Clearances 

POTENTIAL INTERFERENCE AVAILABlE ACllJAl 
CLEARANCE CLEARANCE 

VEHICLE GROUND EQUIPMENT cm (in.) cm (in.) 

Thrust Structure Holddown Post 8.26 (3.25) 7.1 (2.8) 

Engine Bell Holddown Post 85.1 (33.5) 74.9 (29.5) 

Service Module SM Swing Am, Variable l 

S-IVB Stage S-IVB Forward Swing Variable l 

Arlil 

S-II/S-IVB S-IVB Aft Swing Arm Variable * 
Interstage 

S-II Stage S-II Forward Swing Variable + 
AnIl 

S-II Stage S-II Intermediate Variable + 
Swing Ann 

Fin Tip Swing Arms 862.79 (339.68) 650 (256) 

* Camera data indicates clearance, nc quantitatlve data available. 

Figure 11-3 shows that the combination of the yaw maneuver and the wind 
blowing away from the tower resulted in a clearance of 11.0 meters (36 ft) 
between S-IC fin tip A and the top of the tower. Flight data were taken 
from a camera located due east of the mobile launcher. Center engine 
translation and the exhaust plume angles for each of the five S-IC engines 
during the first 240 meters (787 ft) of vertical flight are also shown in 
Figure 11-3. Center engine translation was a maximum of 12 meters 
(39.4 ft) south and 8 meters (26.2 ft) east. 

11.3.2 S-IC Flight Dynamics 

Table 11-3 lists maximum control parameters during S-IC bum. Pitch, yaw, 
and roll time histories are shown In Figures 11-4 through 11-6. Dynamics 
in the region between liftoff and 35 seconds resulted primarily from 
guidance comnands. Maximum yaw and roll dynamics occurred in this region 
as follows. Maximum yaw rate was -0.6 degree at 12.4 seconds, maximun yaw 
error was -1.3 degrees at 3.1 seconds, and maximum yaw engine deflection 
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Table 11-2. AS-503 Misalignment S~RRW~ 

PARAHETER 

Thrust Misalign- 
ment, deg 

Inboard Engine 
Cant, deg 

Servo Amp Offset 
deg/eng 

Vehicle Stacking 
and Pad Misalign- 
ment, deg 

Peak Soft Release 
Force er Rod, 
Y (lbf P 

Jind 

Thrust to Weight 
Ratio 

PREFLIGHT PREDICTED 

PITCH 

20.20* 

+O.ll 

to.1 

to.1 

-0.08 

to.1 +O.l 

to.1 

316,000 (71,000) 

95 Percentile Envelope 

1.247 

PITCH 

+0.15 

+O.ll 

-0.05 

LAUNCH 

YAW 

+O.ll 

-0.08 

-0.04 

T 
I ROLL 

-0.10 

+o.o 

350,DCJO (78,700) 

5.1 tn/s (10 knots) at 
18.3 meters (60 ft) 

1.247 

D Thrust vector measurement uncertainty. 

h1 A positive polarity was used to determine minimun fin tlplumbilical tower 
clearance. A negative polarity was used to determine vehicle/GSE 
clearances. 

was -0.5 degree at 3.1 seconds. The maximun roll rate was 1.3 deq/s at 
14.2 seconds, and the maximum roll error was 0.7 degree at 32.3 seconds. 

The AS-503 was the first Saturn V vehicle to fly with the control engines 
canting radially outboard 2.0 degrees beginning at 20.64 seconds. This 
feature was added to improve engine out characteristics and performed as 
predicted. The canting of the control engines was not perceptible in the 
pitch and yaw dynamics and caused only a small transient in roll. Roll 
transients show more oscillation at the roll control frequency than the 
simulation, indicating that the actual roll damping is lower than predicted. 
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Table 11-3. Maximum Control Parameters During S-IC Boost Flight 

PARAMTERS 

Attitude Error 

Aqulrr Rate 

Average Gilrbrl Angle 

Angle-of -Attr;k 

Anjle-of-Attack Dynti 
Pressure Product 

Normal Acceleration 

dtg-N/cd 
(dag-lbf/in.2 

MS2 
(W2) 

PITCH PUNE Trn RAM I loll f 

YWITUDE Ru16E M!mE w6f Iy6wInm 
TM T1ME 
(SEC) tsm 

l 1.2 +x.4 -1.3 a.1 +0.7 

-1.0 l 83.0 ?0.6 l 4 to 13 *I.3 

-0.5 l 112.8 4.5 *3.1 co.2 

c2.0 +?4.6 +2.5 61 .I 

AM 

i 
I (SEC) 

l 32. 3 

+1&t 

+3?.9 

In the region between 35 and 140 seconds, maximun dynamics were caused by 
the pitch tilt program, the wind, and wind shears. The pitch and yaw 
plane wind velocities and angles-of-attack are shown in Figure 11-7. The 
peak angle-of-attack in pitch was 2.0 degrees at 75 seconds and the peak 
yaw angle-of-attack was 2.5 degrees at 51 seconds. Peak engine deflection 
in pitch was -0.5 degree at 113 seconds. The maximum pitch rate was -1.0 
deg/s at 83 seconds and resulted from the combined effects of pitch 
guidance and winds. Maximum pitch error was 1.2 degrees at 76 seconds. 
Significant dynamics due to wind shears occurred in yaw at 80 seconds and 
in pitch at 106 seconds. Figure 11-8 shows the normal acceleration com- 
ponents as seen in the IU and extracted from the latfonn accelerometer 
data. The maximrrn normal acceleration was less R t an 0.04 g in pitch and 
yaw. 

The transient at Inboard Engine Cutoff (IECO) indicates that the actual 
center engin cant was approximately equal to the predicted cant of +O.ll 
degree in pitch and -0.08 degree in yaw. At outboard engine cutoff the 
vehicle had attitude errors to trim out the effects of thrust unbalance, 
offset center of gravity, thrust misalignment, and control system mis- 
alignments. 

Eng:'ne response to slosh is shown in Figure 11-9. The figure was derived 
by passing measured engine deflection time histories through bandpass 
filters, retaining only slosh frequencies. The small e?gfne motion at 
slosh frequencies other than at the time of known disturbances indicates 
that slosh was adequately stabilized. The engine response to slosh was 
approximately 0.05 degree peak-to-peak. The maximun slosh amplitude in 
the S-IC fuel tank was 0.27 meter (10.5 in.) in pitch at 13.8 seconds and 
0.24 meter (9.5 in.) in yaw at 11.4 seconds. The maximun slosh amplitude 
in the S-IC LOX tank was 0.21 meter (8.4 in.) in pitch at 75.4 seconds 
and 0.Z meter (8.8 in.) in yaw at 78.6 seconds. 
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Figure 11-4. Pitch Plane Dynamics During S-IC Burn 
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Figure 11-5. Yaw Plane Dynamics During S-IC Burn 
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Figure 11-6. Roll Plane Dynamics During S-IC Burn 
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Figure 11-8. Normal Acceleration During S-IC Powered Flight 
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Figure 11-9. S-IC Engine Deflection Response to Propellant Slosh 



11.4 S-II CONTROL SYSTEM EVALUATION 

The S-II stage attitude control system performance was satisfactory. 
Analysis of the magnitude of modal components in the engine deflections 
revealed that vehicle structural bending and propellant sloshing had 
negligible effect on control system performance. The maximun values of 
control parameters occurred in response to S-IC/S-II separation disturbances 
and nonuniform J-Z engine thrust buildups. At that time attitude rates 
for pitch, yaw, and roll were 0.2, 0.1 and 1.4 deg/s, respectively. The 
response at other times (such as initiation of IGM guidance, initiation of 
first artificial tau mode) was within expectations. 

11.4.1 Attitude Control Dynamics and Stability 

Between the events of S-IC OECO (153.82 seconds) and initiation of IGM 
(196.22 seconds), attitude commands were held constant. Significant 
events which occurred during that interval were S-IC/S-II separation, S-II 
stage J-2 engine start 
(LET) jettison. 

, second plane separation, and Launch Escape Tower 
The attitude control dynamics throughout this interval 

indicated stable operation as shown in Figures 11-10 through 11-12. Steady 
state attitudes were achieved within 10 seconds from S-IC/S-II separation. 
The maximum control excursions occurred in the roll axis following S-IC/ 
S-II separation when 1.4 deg/s rate and -1.0 degree attitude error 
occurred, as shown in Table 11-4. The principal attitude error of 
approximately 0.5 degree for the roll axis was maintained throughout the 
S-II boost due to thrust and engine misalignments producing a constant 
roll torque. Similar roll offsets existed during the AS-501 and AS-502 
flights. 

IGM was initiated at 196.22 seconds, and the flight control computer 
received thrust vector control commands to pitch the vehicle down as shown 
in Figure 11-10. During IGM, the vehicle pitched down at a constant com- 
manded rate of approximately -0.1 deg/s. During the transient interval 
following initiation of IGM guidance, the. engines deflected 0.3 degree in 
pitch. This transient magnitude was significantly less than on the AS-501 
and AS-502 flights. 

The effects of steering misalignment corrections and flight control gain 
switch points 3 and 4 had no noticeable effect upon control performance. 
Steering misalignment corrections were less than +O.l degree in pitch and 
f0.2 degree in yaw. The effects of initiating the first artificial tau 
mode at 443.7 seconds were most apparent in the pitch axis when a -0.2 deg/s 
pitch rate occurred. At S-II stage engine cutoff, the attitude errors 
and rates were at or near null. 

During the interval 480 to 520 seconds, the attitude control rate gyros 
detected an 18 hertz oscillation. The magnitudes sensed were approximately 
1.0, 0.6, and 2.5 deg/s for the ?itch, yaw, and roll axes, respectively. 
The filters of the flight control computer filtered this high frequency 
so that the control system did not respond to these oscillations. 
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Figure 11-10. Pitch Plane Dynamics During S-II Burn 
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Figure 11-12. Roll Plane Dynamics During S-I I Burn 
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Table 11-4. Yaximum Controi Parameters During S-II Boost Flight 

Attitude Error, deg 

3ody Rate, deg/s 

Average Gimbal Angle, deg 

Slosh Component of Average 
Gimbal fingle, deg 

Yaw Plane 

Attitude Error, deg 

Body Rat?, deg/s 

4verage Gimbal Angle, deg 

Slosh Ccmponent of Average 
iimbal Angle, deg 

Roll Plane 

lttitude Error, deg 

Sody Rate, deg/s 

Yverage Gimbal F.ngle, deg 

cinulated data is shcaqQn for comparison in Figures 11-10 through 11-12. 
differences between the simulated and actual flight data are attributed 
largely to uixertainties in the J-2 engine thrust buildup and engine and 
thrust misalignments. Thrust vector misalignments were estimated to be 
-0.22, -0.11, anti 0.13 degree for pitch, yaw, and roll, resbectively. 

11.4.2 Liquid Propellant Dynamics and Their Effects on Flight Control 

?e effect of liquid propellant slosh upon the flight control system was 
estimated from the slosh mode components of the enqine deflections as 
presented in Figure 11-13. The engine deflections were analyzed using 
bandpass fiitering. The largest slosh componert magnitudes at initiation 
of first phase IGM were 0.07 and 0.05 degree for pitch and jraw gimbal 
angles, respectively. Peak magnitudes of slosh components of enqine gimbal 
angles at S-II engine start were not determinable due to data dropout; 
however, the data indicated thoi slosh was adequately stabilized through- 
out S-II boost flight. 
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11.5 S-IVB CONTROL SYSTEM EVALUATION 

The S-IVB TVC system provided satisfactory pitch and yaw control during 
powered flight. The APS provided satisfactory roll control during first 
and second burns. 

During S-IVB first and second burns, control system transients were 
experienced at S-II/S-IV6 separation, guidance initiation, chi bar guidance 
mode, chi freeze, and J-Z engine cutoff. These transients were expected 
and were well within the capabilities of the control system. 

11.5.1 Control System Evaluation During First Burn 

The S-IVB first burn attitude control system response to guidance commands 
for pitch, yaw, and roll are presented in Figures 11-14, 11-15, and 11-16, 
resoectively. The significant events related to control system operation 
are indicated in each figure. Flight oscillations were experienced on the 
oitch and yaw guidance commands due to J-2 thrust oscillations. These 
oscillations were well within the capabilities of the control system. The 
maximum attitude errors ard rates occurred at IGM initiation. A sumnary 
of the first burn maximum v:*lues of critical flight control parameters is 
presented in Table 11-5. 

Table 11-5. Maximum Control Parameters During S-IVB First Burn 

PARAMETER s-II/S-IVB BEGIN CHI S-IVB FIRST 
SEPARATION, BAR CUTOFF 
GUID. INITIATION 
AND ART. TAU 

Pitch Attitude Error, deg +2.2 +0.6 +0.4 

Yaw Attitude Error, deg -0.2 -0.3 -0.3 

Roll Attitude Error, deg -0.B +0.5 +D.2 

Pitch Rate, deg/s %.3 +0.4 Null 

Yaw Rate, deg/s +0.1 Null Null 

Roll Rate, deg/s -0.6 -0.1 +O.l 

Pitch Actuator Pos., deg +1.1 +0.6 +0.4 

Yaw Actuator Pos., deg -0.4 -0.4 -0.4 
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Figure 11-14. Pitch Plane Dynamics During S-IVB First Burn 
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Figure 11-15. Yaw Plane Dynamics During S-IVB First Burn 
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Figure 11-16. Roll Plane Dynamics During S-IVB First Burn 
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The pitch and yaw effective thrust vector misalignments durinq first burn 
were +0.21 and -0.17 degree, respectively. 

As experienced on previous flights a steady state roll torque of 8.54 N-m 
(6.3 lbf-ft), clockwise looking forward, required roll APS firings during 
first burn. This roll torque is considerably less than the previously 
experienced maximum of 54.2 N-m (40 lbf-ft) on AS-502. The previously 
experienced minimum roll torque of 8.1 N-m (6 lbf-ft) was on AS-203. 

During S-IVB burn mode and ullage burn following J-2 engine cutoff, an 18 
hertz oscillation was also seen in the rate signals; however, this was 
not unexpected as a similar condition was seen on previous flights. The 
pitch and yaw control system filter networks properly attenuated the 
signal. To prevent deterioration of the pseudorate modulator operation 
and saturation of the spatial amplifiers, low pass filters with a 1.9 
hertz cutoff frequency were installed in the spatial amplifiers. The 
filters apparently were satisfactory as there was no deterioration in the 
APS operation. 

Propellant sloshing during first burn was observed on data obtained from 
the Propellant Utilization (PU) sensors. The propellant slosh amplitudes 
and frequencies were comparable to those experienced on previous flights 
and did not have an appreciable effect on the control system. LH2 slosh 
during first burn was well damped by the LH2 baffle and deflector, as 
expected, resulting in negligible LH2 slosh amplitudes during first burn. 

11.5.2 Control System Evaluation During Parking Orbit 

The APS provided satisfactory orientation and stabilization during parking 
orbit. Following S-IVB first cutoff, the vehicle was maneuvered to the 
local horizontal (through approximately 16 degrees), and an orbital oitch 
rate was established. The pitch, yaw, and roll control system respor;ses 
are shown in Figures 11-17, 11-18, and 11-19, respectively. 

11.5.3 Control System Evaluation During Second Burn 

The S-IVB second burn attitude control system response to guidance commands 
for pitch, yaw, and roll are presented in Figures 11-20, 11-21, and 11-22, 
respectively. The significant events are indicated in each figure. The 
effect of the thrust oscillations on the pitch and yaw guidance commands 
was more pronounced during second burn, as seen in Figures 11-20 and 11-21. 
The maximum attitude errors and rates occurred near guidance initiation. 
A sumnary of the second burn maximum values of critical flight control 
parameters is presented in Table 11-6. 

The pitch and yaw effective thrust vector misalignments during second burn 
were +0.32 and -0.24 degree, respectively. The steady state roll torque 
during second burn was 7.34 N-m (5.41 lbf-ft). 
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Figure 11-20. Pitch Plane Dynamics During S-IVB Second Burn 

11-30 



v  S-IVB ENGINE RESTART COWlAND. 10.229.51 
v  OUT OF ORBIT IGM INITIATION, 10.245.83 

f  

BEGIN CHI BAR STEERING, 10.525.8 
BEGIN CHI FREEZE, 10.552.8 
S-IVB VELOCITY CUTOFF COMMAND, 10.555.51 

lb* 

I I 1 I 

12. 
COMMANDED 

8 

280 10,320 10,360 10,400 10,440 10,480 10,520 10,560 10,600 

. RANGE TIilE, SECONdS 

02:53:20 02:56:40 
RANGE TIME. HOURS:I~INUTES:SELONOS 

Figure 11-Z?'\ Yaw Plane Dynamics During S-IVB Second Burn 

11-31 



v  S-1VB EiJGINE REST4RT COMMAND, 10.229.51 
v  OUT OF ORGIT IGM IMITIATION, 10.245.83 
v  SEG:N CH: BAR STEERING, 10.525.8 
V BEGIN CHI FREEZE, 10.552.8 
w S-IL'B VELOCITY CUTOFF COPMAND, 10.555.51 

rl i 

_ ,AT!!T""L 

\ I IW -- 1 \ I/ \ t 
I 

I 
I f 

COWANDED ATTITUDE \ 

*Iv 
IP 

III 

*I*11 
IIIp 

***1u I IIII I II I I I I I I I I I I 
10,200 10,240 0,240 10,280 10,320 10,360 10,400 10,440 10,480 10,520 10,560 10.600 10,280 10,320 10,360 10,400 10,440 10,480 10,520 10,560 10.600 

RANGE TIME. SECONDS 

02:50:00 02:53:20 02:56:40 

RAKE T ME. WRS:FI’NUTES: SECOUS 

Figure j I-L2, Roll Plane Dynamics During S-IVB Second Burn 

11-32 



Table 11-6. Maximum Control Parameters During S-IVB Second Burn 

PARAMETER 

1 f 

IfJ4lTlDN AND WI CHI S-IVB 
GUIDANCE BAR FREEZE CUTOFF 
INITIATION 

Pitch Attitude Error, deg +1.1 +1.1 +D.4 +0.3 

Yaw Attitude Error, deg -1.7 -0.8 -0.4 -0.4 

Roll Attitude Error, deg -0.2 +0.6 -0.1 -0.2 

Pitch Rttc, deg/sec -0.8 -r I l 0.2 +O.l 

Yaw Rate, deg/sec +1.4 +0.3 -0.1 -0.2 - 

Roll Rate, deg/sec I +0.2 Nult : Null +O.? 

Pitch Actuator Position, deg +1 .o +0.7 +0.4 +0.4 

Yaw Actuator Position, deg -1 .o -0.5 -0.4 -0.4 

Propellant sloshing during second bum did not have an appreciable effec? 
on control system operation. The maximum LOX slosh was about 4.4 
centimeters (1.8 in.) peak-to-peak, and the maximum LH2 slosh was about 
6.9 centimeters (2.7 in.) peak-to-peak. 

11.5.4 Control System Evaluation After Second Burn 

The APS provided satisfactory orientation and stabilization during orbital 
coast. Each of the planned maneuvers was performed satisfactorSly. 

Significant periods of interest related to attitude control during orbital 
coast include maneuvers to align the vehicle with the local horizontal 
following second cutoff, the maneuver to spacecraft separation attitude, 
spacecraft separation, maneuver to slingshot attitude, LOX dump, and APS 
ullaging for slingshot. Each of the periods are discussed in the 
following paragraphs. 

Following S-IVB second cutoff the vehicle was maneuvered to the local 
horizontal and an orbital pitch rate established and maintained until 
11.458.40 seconds, at which time the vehicle was cannanded to the 
separatim attitude. Pitch, yaw, and roll control system responses during 
the maneuver to the local horizontal are shown in Figures 11-23, 11-24, 
and 11-25, respectively. 
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Figure 11-23. Pitch Attitude Control During Maneuver to Local 
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The spacecraft separation maneuver included a 120 degree pitch and 180 
degree roll maneuver. The pitch, yaw, and roll control system responses 
during this maneuver are presented in Figures 11-26, 11-27, and 11-28, 
respectively. 

Spacecraft separation appeared normal , as indicated by the relatively small 
disturbances induced on the S-IV6 staqe during separation. The pitch, yaw, 
and roll control system responses are shown in Figures 11-29, 11-30, and 
11-31, respectively. 

At 17.096.63 seconds the maneuver to slingshot attitude was begun. Once 
achieved, this attitude (180 degrees pitch relative to the local horizontal 
with position ! down) was maintained throughout the LOX dump and APS ullage 
burn. Due to the initial alignment of the vehicle at the start of this 
maneuver, less than a 2-deqree change in pitch attitude was required. LOX 
dump was initiated at 18.475.82 seconds to provide CV for the slingshot 
trajectory. Attitude control during the LOX dump was provided by the APS. 
The auxiliary hydraulic pump supplied hydraulic pressure to maintain the 
J-Z engine in a centered position and minimize disturbances during the 
LOX dump. APS impulse data converted from the APS high pressure helium 
supply spheres indicated the disturbances during the LOX dump were lower 
than expected. This is attributed primarily to the thrust vector being 
more closely aligned to the vehicle center of gravity than the mean thrust 
vector alignment determined through statistical studies. The pitch and 
yaw thrust vector misalignments during the LOX dump were 0.17 and -0.36 
degree, respectively. These values of thrust misalignment are less than 
those experienced during the LOX dump on AS-205. Pitch, yaw, and roll 
attitude control during propellant removal is shown in Figures 11-32, 
11-33, and 11-34, respectively. 

Following completion of the LOX dump, the APS ullage engines were turned 
on at approximately 19,556 seconds and burned until depletion of APS 
propellants. The thrust provided by the ul lage engines decreased the 
vehicle velocity for slingshot trajectory by approximately 20 m/s (67 ft/s), 
insuring that the S-IVB tqould not impact the moon. Module 2 depleted 
first (fuel depletion), after a burn of approximately 733 seconds, a+ 
20.288.56 seconds. Module 1 depleted approximately 25 seconds after 
Module 2. Attitude control system data indicated the vehicle was con- 
trolled as expected following depletion of Module 2. Followlng depletion 
of Module 1, the vehicle attitude remained relatively constant for 
approximately 60 seconds; after which the rate of divergence was approximately 
0.001, 0.01, and 0.0125 deg/s in pitch, yaw, and roll, respectively. Pitch, 
yaw, and roll attitude control during the APS ulla e burn for the sllngshot 
trajectory is shown in Figures 11-35, 11-36, and 1 ? -37, respectively. After 
propellant depletion the LVDC continued to issue valid attitude comnands 
until at least 21,214 seconds, by which time the outputs to the ladders 
had reached their 6-degree limits. 
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Figure 11-29. Pitch Attitude Control During CWS-IVB Separation 
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APS propellant requirements for attitude control during the AS-503 mission 
were generally lower than the mean predicted rquirements. The total 
propellant (fuel and oxidizer) used prfor to ullaglng for slingshot AV was 
40.4 kdlograms (89 lbm) (Module 1) and 41.7 kilograms (92 lbm) (Module 2). 
The total propellant available in each module was approximately 145 
kilograms (320 lbm), resulting in a total propellant usage for ullaging 
and attitude control (excluding slingshot) of approximately 30 percent of 
that available. 

11.6 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION 

11.6.1 Control-EDS Rate Gyros/Control Signal Processor Analysis 

The analysis of the Control-EDS Rate Gyros/CSP indicates satisfactory 
performance. 

11.6.2 Flight Control Computer Analysis 

The FCC performed properly throughout the boost and coast phases of flight. 
Analyses of the angular velocity and attltude error signals indicate that 
these signals, as telemetered from the FCC, correlate we1 1 wl th the same 
signals telemetered from the originating components. 

The outboard engine cant was accomplished in accordance with the design 
expectations. 
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SECTION 12 

SEPARATION 

12.1 SUMMARY 

S-IC retro motor performance was satisfactory, with negligible thrust 
imbalance in the pitch and yaw planes. The data indicate 3 parameters 
out of 3 sigma tolerances, but this caused no problenr. S-K/S-II 
separation occurred nominally with adequate clearance between stages. 

The S-II ullage motors performed as expected. There was no photographic 
coverage of the second plane separation, but there was no indication of 
any clearance problems. The simulation calculation indicated that the 
separation was nominal. 

The S-II retro motors performed satisfactorily during S-II/S-IVB 
separation. The total impulse was greater than maximurn for each of 
the four motors, but this had no detrlmental effect on motor performance. 
S-IV6 ullage motor performance was satisfactory. There was no chamber 
pressure instrumentation on this flight. S-II/S-IVB separation occurred 
nominally with no clearance problems. 

Spacecraft separation after Translunar Injection (TLI) was nominal. The 
launch vehicle attitude errors were less than 20.1 degree during the 
separation maneuver. The Spacecraft Lunar Module Adapter (SLA) panels 
were retracted and jettisoned from the launch vehicle on this flight and 
therefore caused no problems during separa9on. 

A sunmnary of separation events and times of occurrence is given in 
Table 12-1. 

12.2 S-IC/S-II SEPARATION EVALUATION 

12.2.1 S-IC Retro Motor Performance 

Ignition signal to the retro motors occurred at 154.48 seconds. The 
retro motors performed satisfactorily and provided for a successful 
S-K/S-II first plane separation. As was observed on previous flights, 
however, the telemetered chamber pressures were higher than expected. 
Since this has been attrlbuted to instrumentation characterlstlcs, the 
data were blased using a characteristic velocity and known propellant 

12-l 



Table 12-l. Separation Event Times 

t V E Pi T 

LVDC Interrupt (S-IC OECO Sensed), 
Start of lime Base 3 (13) 

S-II Ullage Motor Fire Signal 

S-IC/S-II Separation Command 

S-IC Retro Motor EBW Fire Signal-, 

S-IC/S-If Physical Separation 

S-11 Engine Start Command 

S-II Second Plane Separation Command 

LVDC Interrupt (S-II EC0 Sensed), 
Start of lime Base 4 (14) 

S-IV0 Ullage Motor Ignition Cotnnand 

S-II/S-IVB Separation Command 

S-J1 Retro Motor EBW Fire Signal 

90 Percent Retro Thrust 

S-IVB Engine Start Sequence Command 

S-II/S-IVB Separation Complete 

S-IVB Second EC0 Interrupt, Start 
)f Time Base 7 (T7) 

Spacecraft Separation Command 

S-IV0 IU/CSM Physical Separation 
Zomplete 

Spacecraft RCS Ignition Command 

T ACTUAL TV 

RANGE 
TIHE 

E (SEC) 
TlCfE 
w 

153.82 w. 

154.29 0.4; 

154.47 0.6E 

154.48 0.6f 

154.64 0.82 

155.19 1.37 

184.47 30.65 

524.04 

524.70 

524.90 

524.93 

525.0 

525.00 

526.0 

w- 521.19 -- 

0.74 521.89 O.? 

0.86 521.99 0.8 

0.89 522.02 0.83 

0.95 

1.95 

10.555.73 -w 

12.056.3 1500.6 

!2.059.3 

12.059.5 

1503.6 

1503.8 

PREDICTED 

RANGE 

151.37 

151.07 

152.07 

152.08 

-- 

L.5 

0.7 

0.71 

152.77 1.4 

182.07 30.7 

522.19 

10,552.48 

12,052.48 

1.0 

-w 

1500.0 

weights. Table 12-2 shows the performance ti,i the retro motors, Even 
with the chamber p~tizsure bias included, several of the parameters were 
out of the 3 sigma limit. This did not cause any problems. The chamber 
pressure measurement data for the motor on fin D, position I, was lost 
due to RF blackout, but the motor apparently performed nominally. 

Thrust unbalance was negligible. Figure 12-1 shows the thrust versus 
time curves for the retro motor with the highest maximum thrust (fin B, 
position III), and the one with the lowest maximum.thrust (fin A, 
position II). 
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Table 12-2. S-K Retro Motor Performance 

PARANTER 

LfFLC- Av6 EffLCPlVt TOTAL r EFFECTIVE AVG EfClCTlV 

RETRO MOTOR 

Fin A - Pos I 0.656 II10 273,521 247.757 377,676 
(1610) (61,490) (55.6%) (84,905) 

Pos II 0.670 1069 267,663 239.755 357,842 
(1551) (60,173) (53,899) (90,446) 

Fin B - Pos II 0.651 1111 272.253 245,933 377,774 
(1611) (61,205) (55,289) (M.927) 

Pos III 0.668 1132 276,057 256,876 394,544 
(1642) (62,060) (57,748) (86.449) 

:in C - Pos 111 0.655 1100 270,981 244,363 373,072 
(1595) (60,919) (54,935) (83.870) 

Pos IV 0.659 1109 272,187 248,362 376,875 
(1609) (61,190) (55,834) (84,725) 

:in D - Pos IV 0.653 1116 272,965 248,451 390.474 
(1619) (61,365) (55,854) (85,534) 

Pos 1. -- me -- -s -w 
-- SW -. .I -- 

kerage 0.658 llO? 272,231 247,357 375,470 
(1605) (61,200) (55,608) (M.409) 

Ypminal 288.72"K 
[60"f) Motor 0.648 1114 No Spec 247,156 386,564 

(1616) (55,563) (86,903) 

-3;1 Limit 
!88,72"K (6O'F) 
lotor 0.610 1038 No Spec 242,659 354,412 

(1505) (54,552) (81,923) 

b30 Limit 
?88.72"K (60°F) 
lotor 0.695 1190 No Spec 251,654 408,716 

(1726) (56.574) (9l.FM3) 

'No data, measurement failure. 

Effective Burning Time - The effective burning time is the Interval frm rt- 
taitment of the initial 75 percent of marimum pressure on th ascending por- 
tion of the pressure trace to the same level on the decay portion of the pres- 
sure trace. 

Average Effective Pressure - The average effective pressure is the pressure 
time integral between the limits of effective burnlng tlr, divided by the ef- 
fective burning time. 

I Toed1 Impulse - Total impulse is the area under the thrust-time trace from 
zero time until the thrust returns to zero. 

Effective Impulse - The effective impulse is the area under the thrust-time 
curve, between the limits of effective burning time. 

Average Effective Thrust - The average effective thrust is the effective inI- 
pulse divided by the effective burning time. 
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Figure 12-1. SIC Rctro Motor Thrust 

12.2.2 S-11 Ullage Motor Performance 

The S-II ullage motors performed within the required limits. PerfornWce 
parameters of the four ullage motors are smrized in Table 12-3, Ullage 
motor firing occurred at 154.29 seconds. The ullag@ notor composite 
thrust-time curve is shown in Figure 12-2. Chamber pressu~"o measurements 
again indicated that motor web burn-through occurred as predicted. 

12.2.3 S-N/S-II Separation Dynamics 

s-IC/S-I I 
planiied. 
clearance 
pressures 
lbf/ft2), 
estimated 

The first 

separation and associated sequencing was accomplished as 
Subsequent S-IC and S-II dynamics provided ad urte positive 
between the stages. The predlcted and measure dynamic "9d 
at separation were 0.0345 and 0.0397 N/cm2 (7.2 and 8.3 
respectively. Dynamic conditions at se ration fell within 
end conditions and well within staging imits. r 

plane separation was monltored by accelerometers and-rate . __. . 
gyros on each of the two st,ages. separation rate transducers (extenso- 
meters) provided relative separation rate data. For evaluation purposes, 
first plane separation dynamics were calculated using a computer program 
which too& inttiaccount F-l thrust decay, SAC retro motor thrust, 
S-II ullage motor thrust, lnltlal trajectory conditions, engine gimbal 
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table 12.3- S-II Ullaae Motor Performance .__._ _- _. - -- -.--~- ---- - 

PARAMETER 

Efiectlve Burn TInle SCC I 3.914 
i 

3.918 3.95 

I 

3.8s 1 4.15 3.25 

Average E.ffac!lve 669 662 , 674 f96 

Pressure 
) h/d 1 ;;: 

psi 970 960 978 
I 

1300 ; 
/ 

Averdge Effeirlve / N 101.050 lOC.534 ' 99.498 66.723 
ThTUS! i Ibf 22.117 22.601 22.368 

lOl.739 i 
2?.914 1 15.000 

Phr~muin Thrust N 109.133 107.994 105.921 ' 109.342 j 129.666 
Ibf 24.534 34,218 I 23.812 ?4,5Sl 29.150 

1 NWINAL 
Effec~lv;e Hum TlW 

/ :,;s, 
368.933 

lmpu! se I I 82,9,7 L ';; 1:;; '",;:;z ';;::E i 
373.206 

83.900 

!he above parameters correspond to parameters defined III the NR procurement SpoCifiCafion 
QE-901-3mQ as follws: 

Burn Time - Tne time jntervrl beginning on the ignition pressure transient when the chrber 
oressure has r!ren to 75 percent of the maullmw Pressure. and endinq when the cressure has 
dropped to 75 percent of the maximum chamber pressure. 

Burn Tiw Average Pressure - The average effective pressure is the inteyrdted wed under th 
wessure-time curve between the Doints defined by the burn tit?+ definition and divided by the 
effective burn time 

' Burn Tiw Average Thrust - The average effective thrust is P’- rna under the thrust-tin 
curve bet-en the points defined in the burn tilrp definition end divided by th effective 
burn time. 

- Naaimun Thrust - The n~~inun recoraed thrust in the intervr! between the iqnition phase 
ana the beginning of fine1 thrust decry. 

' Burn Tim, Impulse - lhe integral of the thrust-tm trace during burn time. 

angles, and mass properties. The simulated first plane separation 
dynamics and separation distances agreed very well with the actual data. 

Figure 12-3 shows separation distances and relative velocities of ',he 
two stages and their respective contributions to the total. These 
velocities are changes in velocity magnitudes from time of physical 
separation; whereas the distances are measured relative to the time 
from LVDC sensed S-IC OECO. The plot for separation distance also 
shows the point where the S-IC stage clears the 3-2 engines, which 
extend beyond the separation plane by 0.41 meter (16 in.). Close 
agreement between the AS-502 and AS-503 flights is seen. 

Lateral clearalrie and longitudinal accelerations for the separation were 
nominal. The minimum clearance was calculated to be 1.33 meters (52.4 in.) 
between engine No. 1 and the S-K stage. The calculated longitudinal 
acceleration indicated that physical separation occurred approximately 
0.1 second later than on AS-502. This was <ue to the retro motor thrust 
rising to full thrust approximately 0.1 second later than on AS-502. 

S-IC pitch and yaw angular dynamics following separation are shown in 
Figure 12-4. Angular rates are S-IC rate gyro measurements. Attitude 
deviations following separation are the integrals Df the rates, with 
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Figure 12-2. S-II Ullage Motor Thrirst 

initial values being the measured attitude errors at physical separation. 
Tne angular rate histories for the S-IC following separation are similar 
to those measured during AS-501 and AS-502 flights. 

Figure 12-5 presents the angular dispersions of the S-II stage during 
separation. No significant difference existed between the AS-502 and 
AS-503 flights. 
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12.3 S-II SECOND PLANE SEPARATION EVALUATION 

In the two previous flights, photograph!c coverage provided the only 
means of adequately monltorlng second plane separatlon (this capabllity 
did not exist for AS-503 due to the lack of onboard cameras). Therefore, 
the dynamics of both the second stage and the separating interstage were 
calculated. These calculations utilized appropriate Initial trajectory 
data, postflight mass characteristics, and J-2 engine plume character- 
istics obtained from flight data. 
calculated results. 

The figures shown represent these 

The relative separatlon velocities, relative veloclty contrlbutlon of 
each body to the total, and relative long1tudlnal separation distance 
between the two bodies are shown in Flgure 12-6. Very good agreement 
is seen between AS-503 and AS-502 data. The velocltles are the changes 
in velocities from time of physical separation. As was the case for the 
two previous flights, better agreement in relative velocity was obtained 
by using an electrical disconnect force of zero. The relative separation 
data also Indicate very good agreement between AS-502 and AS-503 results. 
The separation was complete when the interstage passed the bottom of the 
J-2 engines and was calculated to have occurred at approximately 
185.54 seconds. Attitude errors and i'ates remained near zero during 
second plane separation as they did on AS-502. 

The body rates of the separating interstage, and the lateral clearances 
between the interstage and the engines were computed and were slmllar 
to the clearances on AS-502. There was a mlnlmum clearance of 1.02 
meters (40 in.) between engine No. 3 and the Interstage ring at vehicle 
station 39.73 meters (1564 in.). 
vehicle station 44.70 meters (1760 

The separatlon plane Is located at 
in.). 

12.4 S-II/S-D/B SEPARATION EVALUATION 

12.4.1 S-II Retro Motor Performance 

The four retro motors mounted on the S-11 stage perfomd satisfactorily 
and separated the S-II stage from the S-IVB stage. The pressure buildup 
for all four retro motors began wlthin 0.02 second of each other at 
524.82 seconds. The thrust and chamber pressure profiles for the four 
motors were very similar, and the maxlmun difference In burn times was 
0.10 second. 

/ -' 
' Table 12-4 presents the performance parameters for the individual motors. 

The total impulse for all four motors, and the burn time for motor No. 1 
was greater than the maximum specified value. All other parameters were ,+ 1 
within the specified limits. The greater total Impulses were due to burn 
times which were approximately 0.15 second longer than on AS-502. A 
large portion of the increase In burn tlmes resulted from a slower 
thrust increase at motor ignition. The higher total impulses and longer 
burn times had no detrimental effect on motor performance. The retro 
motor thrusts are shown in Figure 12-7. 
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Table 12-4. AS-503 S-II Retro Motor Perfwmmce 

MDTOR SPECtFICAlTlCW LlHlTS 

+AWWETER 
Al 288.9 OK (60 "F) 

MAIMlJM MIYMUM 

Burn Timel. set 1.71 1.61 1.63 ( 1.66 i.65 1.67 1.36 

Average '+rn Time Chamber 1149 1180 
N/cm2 (psta) 

llt6 1293 :065 
Pressure‘. (1667) (1711) (1705) (1875) (1545) 

Maaimum Thrust', N(lbf) 176,372 185,802 184,830 193,142 152.129 
(39,650; (41,770) (42,63GI i (42.210) (41,565) (43,420) (34,200) 

Average Burn Time Thrust', 155,772 159,709 163,832 150,436 159,451 1?5.416 134.292 
N (lbf) c35,019) (35,904) (36,831) (35,629) (35,846) (X.435) (3O.lgo) 

Burn Time Total Impulse', 

LLL! 

266.368 257,134 267,044 263.086 263.410 250,435 232.597 
N-s (lbf-s) (59,682) (57.806) (60,034) (59,144) (59.2!:) (56.300) (52.290) 

i 
Burn Time - Defined in Section 6.2.1.30 of Thiokol tiodel fprC!ffCetiOn TERS-il. 

2 
Purn fi?e Average Chamber Pressure - The average chamber orc~.ure during burn tire 1s the 
area under the pressure curve over the burn ticv!. div!ded bj tkC bUrp time. 

3 
Maximum Thrust - The highest thrust developed by the retrr? mf ;or under any normal operating 

condition l rcludimJ IgnitiOn. 
k 

Burn Time Average Thrust - fhc average thrust during burn time is the burn time total 
Impulse divided by the burn time. 

5 
Burn Time Tote1 Impulse - The aroe under ?he thrust-tiw curve over the bum tfm. 
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Figure 12-7. S-II Retm Motor Thrust 



12.4.2 S-IVB Ullage Motor Performance 

Ullage motor performance was satisfactory. The ullage motor Ignition 
carmsnd was given at 524.78 seconds, with the jettison command at 
536.80 seconds. These times were within 0.05 second of predicted 
tines relative to engine start command. No lnotrumentatlon existed 
to measure the chamber pressure of the ullage motors. 

12.4.3 S-II/S-IVB Separation Dynamics 

The analysis of separation dynamfcs was done by comparfng the data from 
the AS-503 flight to that of AS-501. Since the data compared very 
closely, detailed reconstruction was not performed to determine pre- 
cisely the lateral clearance used and the separation completion time. 
From the comparative analysis performed it can be estimated that a 
detailed reconstruction would yield a separatfon completion time of 
approximately 1.0 second, and a lateral clearance utlliratlon of less 
than 12.8 centimeters (5 In.). 

Figure 12-8 shows the longitudinal accelerometer data for the S-II and 
S-IVB stages. 

The angular rates for both the S-II and the S-IVB stages are presented 
in Figure 12-9. The S-IVB rates were small with pitch and yaw rates 
less than to.2 deg/s. The S-II rates reached 1.0 and 1.5 deg/s in pitch 
and yaw, respectively. 

12.5 S-IVB-IU-LM TEST ARTICLE (LTA)/c~MMAND SERVICE MODULE (csM) 
SEPARATION EVALUATION 

Spacecraft separation from the S-IVB-IU-LTA was performed while the 
vehicle was in an InertTally frozen retrograde attltude to minimize 
separation transients. Separation was inltlated by a comMnd from the 
spacecraft at 12,056.3 seconds which was received by the LVDC at 
12,056.48 seconds. At 12,059.3 seconds the separation devices were 
ignited and separation was detected by the CSM. The SLA panels were 
retracted and jettisoned by a spring-loaded piston device, completing 
the separation sequence. At about 12,059.5 seconds the first motion 
of the CSM was commanded throu 
hand controller. Launch s 

h the use of the spacecraft translatlonal 
vehic e and spacecraft attltudes durlng the 

separation indtcated attitude changes of less than to.1 degree, and 
attitude rates were under to.1 deg/s. The separation was completed 
with no clearance or attitude problems. The S-IVB-IU-LTA after 
separatlon Is shown in Figure 12-10. 
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SECTION 13 

ELECTRICAL NETWORKS 

13.1 SUMMARY 

The launch vehicle electrical networks are comprised of independently 
battery-powered electrical systems for the four stages with interconnecting 
cabling to satisfy stage to stage electrical iukrfacr requirenrrnts. Each 
stage electrical system distributes power to continuous users, such as 
instrumentation and communications, and responds to commnds Initiated 
either by the stage or the Instrument Unit (IU) through the stage switch 
selector. 

In general, all AS-503 launch vehicle electrical systems performed sstls- 
factorily. The power profiles of all stages were nom1 and all stage 
and switch selector commands were properly executed. The only deviation 
or out-of-tolerance conditions noted durlng the flight were: 

a. The intermittent operation of 3 temperature bridge parer supplles on 
the S-II stage. Two of these supplies were affected for approximately 
30 seconds through maximum dynamic pressure fMax Q) an4 the third for 
approximately 30 seconds starting at low Propellant Utilization (PU) 
step. 

b. The S-IVB aft 5 volt excitation module dropped below the minlnrrm of 
4.975 vdc from approximately 9410 to 10,691 seconds. 

13.2 S-IC STAGE ELtiCTRICAL SYSTEM 

The S-IC stage electrical power is obtained from five 28-vdc batteries and 
is distributed to stage components through the power distribution system. 
Battery No. 1 furnishes operational power and battery No. 2, instrumentation 
power. Batteries No. 3, 4, and 5 furnish power for the optical instrmnen- 
tation system all of which will be deleted from AS-504 and subsequent 
vehicles. 

The electrical system performance during S-IC powered flight was excel- 
lent. 

Batteries No. 1 and No. 2 performed near prediction. Both battery voltages 
rennlined well within the limits of 26.5 to 32 vdc and currents stayed 
below 45 percent of the limit of 64 araperes for battery No. 1 and below 
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80 percent of the limit of 125 amperes for battery No. 2, as shown in--. 
Figures 13-l and 13-2, respectively. (See Section 2, Table 2-2 for Event 
Times reference). No battery current steps, such as those noted around 
S-IC/S-II separation on both AS-501 and AS-502, were experienced on this 
flight. 

Batteries No. 1 and No. 2 usage was very close to predicted operation as 
shown in Table 13-l. These batteries were not instrumented to measure 
temperatures. The three optical instrumentation batteries were not in- 
strumented to measure voltage and amperage and their performance could 
not be evaluated. 

Seven 5-vdc power supplies provide closely regulated voltages for stage 
instrumentation. 
of 5 20.05 vdc. 

These power supply voltages stayed within design limits 
No power supply voltage drops were experienced as on 

AS-502. 

There were 20 switch selector functions programned for S-IC. All switch 
selector channels functioned correctly as ccxmnanded by the IU. 

The separation and retro motor Explosive Bridge Wire (EBW) firing units 
were armed and triggered as programned. Charging time and voltage 
characteristics of the EBW firing units were as predicted and within de- 
sign specifications. Separation and retro motor ignition charging time 
and voltage characteristics were within predicted limits. 

13.3 S-II STAGE ELECTRICAL SYSTEM 

The S-IX stage electrical system utilizies fo;rr 28-vdc batteries, the out- 
put of which is distributed to stage components through the power distri- 
bution system. Two of these batteries are conriected in series to furnish 
56 vdc to the five LH2. recirculation pump inverters. 

The S-II electrical system performed satisfactorily 
the AS-503 flight. 

during all phases of 

Operation of the inproved batteries, first used on this flight, were 
excellent. Battery bus voltages stayed well within specified limits 
during the flight, as shown in Figure 13-3 through 13-6. (See Section 2, 
Table 2-2 and Table 2-3 for Event Times reference). Main bus current 
averaged 38 amperes during S-IC boost and varied from 54 to 58 amperes 
during S-II boost. Instrumentation bus current varied from 54 to 58 amperes 
during S-IC and S-II boost. Recirculation bus current averaged 92 anperes 
during S-IC boost. Ignition bus current averaged 28 anperes during the 
S-II ignition sequence. No current spikes were experienced around J-2 
engine No. 2 cutoff, as on AS-502. 

1 

Battery usages, in ampere-hours and as a percent of rated capacity, to- 
gether with battery temperatures, are shown in Table 13-2. Battery power 
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PCtHER CONSlHPTION 
BATTERY BUS CAPACITY PMP/MTN PERCENT 

DESIGNATION AMP/MIN MAXIWM OF 

EXPECTE? ACTUAL CAPACITY 

Operation No. 1 lDl0 640 33.6 34.2 5.3 

Instrumentation Ho. 2 lD20 1250 378.2 s91.5 31.3 

Optical Instrumenta- 
tion No. 3 lD30 640 Not Instrunented 

Optical Instrumenta- 
tion No. 4 lD40 1250 Not Instrunented 

Optical Instrumfznta- 
tion No. 5 lD50 1250 Not Instrumented 

I 

NOTES: 1. Battery capacities are based on 10 minute discharge time. 

2. Actual power consumption for Battery No. 1 was calculated from -50 
seconds to S-IC/S-I! stage separation. _ 

3. Actual power consumption for Battery No. 2 was calculated from -50 
to 210 seconds. 

Table 13-2. S-II Stage Battery Power Cowmption 

l PWERCClYSWTIOlY 

BATTERY 

Hain 

Instrunentation 

BUS CAPACITY Set PERCENT OF TEMPERATIJLE 
DESIGNATION (MP-HR) AlQ-HR CAPACITY ' ~ VIM 

2Dll 35 8.64 24.7 (Z) K (s;; 

2021 35 11.1 31.7 312'K 305'K 
Ol.S'F) (90'F) 

Recirculation No. 1 

Racirculatlon No. 2 

2D51 30 5.21 17.4 (K) K (Kj 

2DSl 30 5.25 17.5 301°K 299'K 
and 2D61 (83'F)(78.5'F) 

Table 13-l. S-IC Stage Battery Power Consumption 

l Power consunptlon calculated fran -50 seconds (Power Transfer). 
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consumptions and temperatures were very close to those experienced on 
AS-502, except that percent usage of the two recirculation batteries 
was somewhat higher on AS-503. 

Fl ve 5-vdc power supplies furnish closely regulated voltages for stage 
instrumentation. The power supplies satisfactorily provided proper 
measuring voltage to the telemetry and other instruantatlon. 

Three of the 15 S-II temperature bridge power supplies operated inter- 
mittently for short periods, (see Figure 13-7) as follows: 

BRIDGE POWER SUPPLY INTERMITTENT OPERATION, 
MEASUREMENT NO. RANGE TIME ,SECONDS 

MO46 71.5 to 95.0 

MO59 69.0 to 104.0 

m)53 443.0 to 470.0 

REMARKS 

During 
Max Q 

After low 
PU step 

This deviation resulted in the temporary loss of various temperature measure- 
ments as detailed in paragraph 19.2.2. Indications are that the inter- 
mittent operation was caused by a dimensional tolerance buildup between 
the power supplies and the chassis , resulting in impwqw pin engagement 
of the mating ;cntlector (see Figure 13-8) during periods of higher than 
average vibration. Steps are being taken to correct this problem, but 
is is not considered a flight critical item. 

The five LH2 recirculation lnverters which furnish paJer for the recir- 
culation pumps operated properly during the Z-2 engfne chill down period. 

For the first time, two separate stage power supply sources (one on 
previous flights) were used to pawer the output section of the switch 
selector for increased reliability. Performance of the switch selector 
was excnllent. Also for the first time, redundant pamr supply sources 
(one ubi previous flights) were used to electrically control the separa- 
tion s)':? cem relay circuitry for the two E8W firing units, which are 
assoc'hted with each separation system function. This redundancy was 
for increased reliability. The system is completely redundant except 
in the case of the all-engine-cutoff signals which are required for the 
trigger relay circuitry of S-II and S-IV8 separation and retro motor 
ignition. These signals originate from either: (a) switch selector 
channel 18, all-engine cutoff, (b) LH2 li uid levei cutoff sensors dry 
(two out of five) or (c) LOX sensor% dry two out of five). On AS-503, '1 
these signals obtained power only from a single source, the main power 
bus. On subsequent flights, switch selector channel 18 all-engine cut- 
off relay circuitry will be powered from two separate power supply sources. 
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SUPPLY 

Figure 13-8. S-IV8 Stage Bridge Power Supply 
Mounting and Chassis, Typical 

Perfonance of the EBW circuitry for the separation system was satisfactory 
during the flight, EBW firing units charge and discharge responses were 
within predicted time and voltage limits. 

13.4 S-IV8 STAGE ELECTRICAL SYSTEM 

The S-IVB stage electrical system includes three 280vdc and one 560vdc 
batteries to supply stage components through the poner distribution system. 
The electrical system performed satisfactorily throughout all phases of 
flight and responded normally to IU commands. 

In general, battery voltages, currents and temperatures stayed well within 
acceptable limits during boost and restart, as shown in Figures 13-g 
through 13-12. Rattery temperatures remained belaw the 322°K (120OF) 
?ilrlits for the powered portion of the flight (this limit does not apply 
after insartion into orbit). The highest temperature of 324OK (124°F) 
was reached on forward battery No. 2 during translunar coast (after Injection). 

S-!VB stage battery usage in ampere-hours and as a percent of rated capa- 
city are given in Table 13-3. These parameters wely within design limits. 
Forward battery No. 2 was expended at approximately 27,000 seconds, at 
which time the voltage was 24 vdc, one volt below minimum and falling rapidly= 
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Table 13-3. S-IVB Stage Battery Power Consumption 

POWER CONSUMPTION PERCENT 01 
BATTERY CAPACITY CAPACITY 

(AMP-HRS) ' HAXIRH 
EXPECTED ACTUAL 
4W-HRS AMP-HRS 

Fwd No. 1 228 164 147 64 

Fwd No. 2 25 25 24 96 

W AftNo. 228 58 46 20 

Aft No. 2 67 40 33 49 

NOTES: 1. Capacities are specification values. 

2. Maximum expected power consumption based on maximun 
expected values for 6.5 hour flight. 

3. Actual power consumption for Fwd 1, Aft 1 and Aft 2 
based on 21,300 set (5 hrs 55 min) of available flight 
data. 

4. Actual power consumption for Fwd No. 2 based on 27,000 set 
(7 hrs 30 min) of available flight data. 

Three 5-volt excitation modules provide closely regulated measuring voltage 
to instrumentation measurement transducers and signal conditioners. Two 
of these modules are mounted forward and one aft. The two forward 5-volt 
excitation modules provided proper measuring voltage at 5 kO.025 vdc. 
The aft 5-volt excitation module dropped below the minimum of 4.975 vdc 
to 4.970 vdc from approximately 9419 to 10,691 seconds. Since tha 5 volt 
reference did not reflect the low ;oltage condition, it is likely that 
the 5-volt excitation module signal conditioning network experienced a 
slight degradation. The telemetry performance was not affected by the low 
voltage. 

Eleven 20-vdc sxcitation modules provide signal conditioning power for 
event measurements, and excitation power for temperature and voltage 
measurements. The excitation modules performed satisfactorily. The LOX 
and ?H2 chi lldown inverters which furnish power to the LOX and LH2 recir- 
culatior: pump;. performed in a satisfactory manner and met their load 
requirements. 

, 

In general, the PU system performed satisfactorily. However, during 
restart the PU static inverter/converter indicated positike level shifts 
(above its 1 imits of 5 20.1 vdc and 400 t6 Hz) during the PU hardover 
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mode of operation. Since the 117-vdc sumning potentiometer loads are 
removed when the PU hardover command is initiated, the unregulated out- 
put of the oscillator module in the inverter/converter is affected, so 
that these shifts are to be expected and do not degrade PU system per- 
formance. The PU static inverter/converter also exhibited a positive 
out of level frequency shift for a short period during PU hardover 
operation on AS-501 and exceeded the upper voltage limit on AS-502 flight. 
Modifications to minimize the level shifts are being considered for 
AS-504 and subsequent vehicles. 

The switch selector functioned correctly and all IU comrrands were properly 
executed. 

All EBW firing units responded as predicted. The ullagz motor ignition 
EBW firing units were charged at 484.99 seconds and fired at 524.78 sec- 
onds. The ullage motor jettison EBW firing units were charged at 533.80 sec- 
onds and fired at 536.80 seconds. 

13.5 INSTRUMENT UNIT ELECTRICAL SYSTEM 

The IU electrical system utilizes four 2%vdc batteries and a bus network 
to distribute power to the various II1 components. The following config- 
uration changes were made effective on S-Ill-503 to enhance the reliability 
of the unit for manned flight. 

a. A redundant power path was added to the Switch Selector stage verifi-- 
cation circuitry. 

b. Separate routing paths from primary power sources (batteries) to the 
Power Distributor were added. 

C. All printed wiring boards that routed critical signals were redesigned 
by using a "double solder point" technique, to ensure greater relia- 
bility of solder connections. 

d. A redundant power path was added to eliminate a single point failure 
possibility in the wiring of the Electrical Subsystem to the Control 
Signal Processor. 

e. Addition of the 02/H2 burner malfunction signal from the S-IVB to the 
LVDA. 

f. Addition of circuitry in the Control Distributor to provide spacecraft 
control of the IU Command Subsystem. 

90 Addition of circuitry in the Control Distributor to provide commands 
to actuate bias currents in the Flight Control Computer. 
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IU electrical system data was available through approximately the first 
5.9 hours (21,240 seconds) of flight. Based on this data, the electrical 
system as modified for AS-503 operated satisfactorily. Battery voltages, 
and currents remained well within predicted limits as shown in Figures 13-13 
through 13-16. As expected, voltages increased in proportion to battery 
temperature increases, ranging from approximately 27.5 vdc during launch 
to 28.8 vdc and after 5.9 hours (21,240 seconds) of flight. Highest 
current drain (35 amperes) was on the 6D30 battery, which also registered 
the greatest temperature increase, from 291°K to 314.5"K (64.4"F to 105.7"F). 

Battery usage, in ampere-hours and as a Percent of rated capacity, was 
well within design limits, as shown in Table 13-4. , 

Table 13-4. iU Battery Power Consumption 

BATTER, 

I 
; 

I 

No. 1 6DlO 350 192.3 54.9 32.6 10.74 

No. 2 6D20 350 200.6 57.3 34.0 10.29 

No. 3 6D30 350 209.4 59.8 35.5 9.86 

No. 4 6D40 350 177.0 50.6 30.0 11.67 

YJOTES: 1. Capacity based upon 10.0 hours operation at 35 amp discharge 
rate. 

2. Actual power consumption based upon 5.9 hours operation 
from range zero. 

Analysis of the voltage trace envelope indicates that the 56-volt power 
supply, which supplies voltage to the gyro, accelerometer servoloops and 
accelerometer signal conditioner, remained well within the limits of 
56 +L.5 vdc. 

The 5-volt measuring reference voltage supply measurements indicated 
approximately 5.04 vdc output, which is above the design specifications 
of 5.000 kO.005 vdc. However, the telemetry tolerance of 0.8 percent 
could account for the out of limits condition and telemetry data showed 
no detectable inaccuracies. 

Available data indicates that the IU switch selector performed nominally 
throughout the flight. 
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SECTION 14 

RANGE SAFETY AND CDk!AND SYSTEMS 

14.1 SUFPlARY 

Data indicated that the redundant Secure Range Safety Command Systems 
(SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform their 
functions properly on command if flight conditions during the launch 
phase had required vehicle destruct. The system properly safed the S-IVB 
SRSCS on comnand from Kennedy Space Center (KSC). The performance of the 
Command and Comnunications System (CCS) in the Instrument Unit (IU) was 
satisfactory. 

14.2 RANGE SAFETY COMMAND SYSTEMS 

The SRSCS provides a means to terminate the flight of the vehicle by radio 
cotmiand from the ground in case of emergency situations in accordance 
with range safety requirements. After successful insertion into earth 
orbit, the system is deactivated (safed) by ground cormnand. Each powered 
stage of the vehicle was equipped with two command receivers/decoders 
and necessary antennas. The SRSCS in each stage was completely independent 
of those in other stages. 

Three types of SRSCS commands were programmed for this manned flight as 
follows: 

a. Arm/fuel cutoff - Charging of the Exploding 6ridge Wire (EBW) 
firing unit and thrust termination. 

b. Destruct - Propellant dispersion by firing of the EBW. 

C. Safe - Cotmnand system switched off. 

During flight, telemetry indicated that the comnand antennas, receivers/ 
decoders, and destruct controllers functioned properly and were in the 
required state of readiness if needed. Since no arm/cutoff or kstruct 
cotmiands were required, all data except receiver signal strength remained 
unchanged during the flight. At 708.7 seconds the safing ccmand was 
initiated, deactivating the system. Both S-iVB stage systems, the only 
systems in operation at this time , responded properly to the safing 
command. 



Radio Frequency (RF) performance aspects of the system are discussed in 
Section 19, paragraph 19.5.3.1. 

14.3 COMMAND AND COMMUNICATIONS SYSTEM 

Oral reports from Mission Control Center (MCC)/Houston indicate that the 
cornrand section of the CCS performed satisfactorily. All comMnds trans- 
mitted during this mission were sent from Guaymas (GYM) after S-IVB second 
burn as indicated in Table 14-l. A total of 2626 known comnand words, all 
of which were in connection with the CCS test, were sent as follows: 

a. Fourteen CCS antenna switching commands (one command word each) were 
transmitted by the ground station to select omnidirectional, low gain 
directional or high gain directional antennas. The CCS antenna 
switching commands also switched the Pulse Code Modulation (PCM) 
antennas. 

b. Fifty-one Special Test Pattern (STP) sequences consisting of 51 identi- 
cal words each (total 2601 words) were transmitted by the ground 
station. 

C. Eleven terminate commands, consisting of one cotmnand word eacn, were 
transmitted by the ground station. 

The CCS low gain directional antenna and the CCS high gain directional 
antenna were also selected by programned switching at 11,756 seconds 
(3:15:56) and 19,636 seconds (5:27:16), respectively. 

Unofficial sources in Houston have stated that several commands had to 
be retrancmitted, as shown in Table 14-1, because of inability to establish 
down link lock, during times of low signal strength, on the UHF telemetry 
link used to verify comnands during the translunar coast period. No 
attempts were made to transmit commands after 21,730 seconds (6:02:10) 
due to increasing dif'iculties experienced in obtaining verification 
pulses occasioned by UHF down link lock problems discussed above. 

Good correlation cannot be made with the commanded switch selector events 
shown in Section 2, Table 2-4, due to the incomplete listing in Table 2-4. 
and the absence of some ground station command history. 

RF performance of the system is discussed in Section 19, paragragh 19.5.3.1. 
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Table 14-1. ComMnd and Communications System Command History, AS-503 

RANGE TIME 

I 
Seconds 

(HWMINZSEC) 

I- From 

13,500 
(3:45:00) 

18,990 
(5:16:30) 

19,'125 
(5:17:05) 

19,080 
(5:18:00) 

19,140 
(5:19:00) 

19,680 
(5:28:00) 

'19,942 
(5:32:22) 

20,430 
(5:40:30 

21,060 
(5:51:00) 

21,116 
(5:51:56) 

21,300 
(5:55:00) 

21,519 
(5:58:39) 

21,550 
(5:59:10) 

To 

13,830 
(3:50:30) 

19,620 
(5:27:00) 

19,650 
(5:27:30) 

20,730 
(5:45:30) 

21,480 
(5:58:00) 

COPMAND 

STP every 30 seconds 
(12 patterns) 

Terminate Command 
Uplink 

Switch to Omni 

Switch to Low Gain 
(3 ComMnds) 

STP every 30 seconds 
(14 patterns) 

STP every 30 seconds 
(9 patterns) 

Terminate Comnand 
Uplink 

STP every 30 seconds 
(11 patterns) 

Terminate Command 
Uplink 

Switch to Low Gain 
(2 Commands) 

f 
TP every 3 seconds 
5 patterns 9 

Terminate Command 
Uplink (4 Comnands) 

Switch to Omni 
(4 Comands) 

" 

ANTENNA SELECTEI 

Low Gain 

Low Gain 

Omni 

Low Gain 

Low Gain 

High Gain 

High Gain 

High Gain 

High Gain 

Low Gain 

Low Gain 

Low Gain 

Omni 
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Table 14-1. ComMnd and Communications System 
Command History, AS-503 (Continued) 

RANGE TIME 
Seconds 

(HRS:I~IN:SEC) 

COMMAND ANTENNA SELECTED 

From 

21,591 
(5:59:51) 

21,700 
(6:01:40) 

21,730* 
(6:OZ:lO) 

To 

Terminate to clear 
(4 Cotmnands) 

Terminate Commiind Uplink Omrri 
(4 Commands) 

I 

Switch to High Gain High Gain 
(4 Commands) 

* The CCS test was terminated at 21,730 seconds (6:02:10) due to loss of 
UHF lock and the subsequent loss of verification pulses. Corpus 
Christi (TEX) verified that the antenna was on high gain at 22,260 
seconds (6:ll:OO). 
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SECTION 15 

EMERGENCY DETECTION SYSTEM 

15.1 SUMMARY ' 

The AS-503 Emergency Detection System (EDS) configuration was essentially 
the same as AS-502 except that: 

a. The presence of the crew provided the capability for EDS manual abort. 

b. There was a display of launch vehicle tank pressures in the spacer ft. 

The EDS performance was nominal; no abort limits were reached. 

15.2 SYSTEN DESCRIPTION 

The EDS provided for automatic abort ciu, Ing S-IC burn by monitoring two 
parameters: two or more S-IC engines out and excessive angular rates. 
In addition, the following parameters were displayed to the crew for 
manual abort cues: 

a. Angle-of-attack (Q-Ball dynamic pressure). 

b. S-IC engines status (Thrust OK pressure switch discretes). 

C. S-II engines status (Thrust OK pressure switch discretes). 

d. S-IVB engine status (Thrust OK pressure switch discretes). 

e. Staging functions (Stage separation discretes). 

f. Angular overrates (P, Y, R overrate discretes). 

9. Launch vehicle attitude reference failure (Platform gimbal angle 
discrete). 

h. S-IVB propellant tank pressures (orbital phase). 

i. Vehicle attitudes, attitude rates, attitude errors (spacecraft sensed). 
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15.3 SYSTEM EVALUATION 

15.3.1 General Performance 

All parameters monitored by the EDS remained well within design limits 
for the proper time periods throughout flight and all discrete indications 
occurred as expected. 

15.3.2 Propulsion System Sensors 

Three thrust OK pressure switches are used on each F-l engine and two 
on each J-2 engine. The F-l thrust OK switches are voted two out of three 
for both thrust OK (switches closed) and thrust not OK (switches open) 
indications. The J-2 thrust OK switches are voted one out of two for 
thrust OK (switches closed) and two out of two for thrust not OK (switches 
open) indications. 

All thrust OK pressure switches actuated within predicted times during 
engine startup and shutdown. There were no premature engine cutoffs as 
on AS-502 flight. Thrust switch operation t,-es are shown iit Table 15-l. 

15.3.3 Angular Overrates 

Angular rates are sensed by three rate gyros in each axis. Outputs of 
the gyros are fed through filters to rate switches. When two out of 
three rate switches in any one axis indicate an overrate, an indication 
is given to the spacecraft. Abort is automatic until just prior to S-IC 
Inboard Engine Cutoff (IECO), after which abort is initiated manually at 
the discretion of the crew. 

Table 15-2 shows a tabulation of maximum angular rates reached on the 
AS-503 flight, with abort limits in parenthesis. 

15.3.4 Angle-of-Attack 

The angle-of-attack dynamic pressure is sensed by a Q-Ball with redundant 
outputs. One output is displayed in and telemetered from the spacecraft; 
the other is telemetered from the Instrument Unit (IU). 

The angle-of-attack abort limit was 2.2 N/cm2 (3.2 psid) on AS-503. The 
maximum delta pressure recorded on the flight was 0.48 N/cm2 (0.7 psid) 
at approximately 75 seconds. 

15.3.5 Tank Pressures 

The S-IVB LOX hydrogen tani< ullage pressures were displa& to the crew 
during orbital operations. The corrmOn bulkhead pressure differential 
abort limits are +24.8 and -17.9 N/cm2 (+36 and -26 psid) (PLOX-PLW2). 
The AS-503 pressures remained within these limits. 
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Table 15-1. Performance SllmMry of Thrust OK Pressure Switches 

STAGE ENGINE SWITCH 

s-IC 

S-II 

s-IVB 
1ST 
BURN 

S-IVB 
ZND 
BURN 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

5 

5 

1 1 157.94 524.24 

1 2 157.96 524.24 

2 1 158.02 524.24 

2 2 158.05 524.24 

3 1 157.94 524.23 

3 2 157.96 524.27 

4 1 157.94 524.24 

4 2 157.90 524.20 

5 1 157.94 524.24 

5 2 157.95 524.26 

1 1 10,239.34 10.555.73 

1 2 10.239.34 10.555.73 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1' 529.78 685.18 

2 529.78 685.18 

SEC) 

-1.85 

-1,86 

-1.84 

-1.48 

-1.48 

-1.44 

-1.88 

-1.81 

-1.85 

-1.41 

-1.40 

-1.40 

-2.21 

-2.24 

-2.24 

TIME OPENED 
(RANGE TIME, SEC) 

153.99 

153.99 

153.99 

153.99 

153.99 

153.99 

153.99 

153.99 

153.99 

153.97 

153.97 

153.97 

126.14 

126.14 

126.14 
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15.3.6 EDS Sequential Events 

All EDS discrete events and indications occurred ds expected. Table 15-3 
shows significant EDS related event times. 

Table ?5-2. Maximum Angular Rates 

PHASE PITCH YAW ROLL 

S-IC burn -1.0 (4) deg/s LO.6 (4) degh +1.3 (20) deg/s 

Upper stages -1.3 (9.2) deg/s +O.l (9.2) deg/s tl.4 (20) deg/s 

Note: Abort limits are shown in parentheses. 

Table 15-3. EDS Related Event Times 

FUNCTION STAGE RANGE TIMES FROM BASI 
TIME (s) 

Launch Vehic? Engines EDS Cutoff 
Enable (Timer) 

Launch Vehicle Engines EDS Cutoff 
Enable (Switch Selector) 

IU 30.44 Tl+29.77 

IU 30.62 Tlt29.95 

S-IC Two Engines Out Auto-Abort 
Inhibit 

IU 125.13 T,+l24.45 

Excess Rate (P. Y, R) Auto-Abort 
Inhibit and Switch Rate Gyros SC 
Indication A 

IU 125.53 T,+l24.85 

Excess Rate (Roll) Auto-Abort 
Inhibit and Switch Rate Gyros 
SC Indication B 

Ill 126.84 T2+0.96 

Launch Escape Tower Jettison Space- 188.6 T3'34.78 
craft ,- 
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SECTION 16 

VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT 

16.1 SUMMARY 

The vehicle internal, external, and base region pressure environments 
were monitored by a series of differential and absolute pressure gages. 
These measurements were used in confirming the vehicle external, 
internal, and base region design pressure environments. The flight 
data were generally in good agreement with the predictions and compared 
well with previous flight data. The pressure environment was well 
below design levels. 

The vehicle internal and external acoustic environment was monitored by 
a series of microphones positioned to measure both the rocket engine 
and aerodynamically induced fluctuating pressure levels. ‘ihe measured 
acoustic levels were generally in good agreement with the liftoff and 
inflight predictions, and with ,iata from previous flights. 

16.2 SURFACE PRESSURES AND COMPARTMENT VENTING 

16.2.1 S-IC Stage 

External and internal pressure environments on the S-IC stage were 
recorded by 43 measurements located on and inside the engine fairings, 
aft skirt, intertank, and forward skirt. Representative data from a 
portion of these instruments are compared with AS-501 and AS-502 data 
and with AS-503 predictions in Figures 16-1 through 16-4. Static 
pressure is presented as the difference between measurement pressure 
and free stream static pressure (Pint-Pamb). Pressure lordly) is the 
difference between structural internal and external pressures defined 
such that a positive loading is in the outward dlrectlon. The pre- 
dictions are based on available wind tunnel data and values fron the 
Observed Mass Point Trajectory (OMPT). The ambient pressun history 
of AS-503 is virtually the same as that for AS-502 and sllghtly greater, 
approximately 0.10 N/cm2 (0.145 psid), than for AS-Sol. 

The AS-503 S-IC engine fairing compartment pressure differentials are 
shown in Figure 16-1. The AS-503 data agree very well with AS-501 and 
AS-502 data and the trends are the same. 
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Figure 16-1. S-IC Engine Fairing Conlpartment Pressure Differential 
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The S-IC engine fairing pressure loading is shown in Figure 16-2. The 
AS-503, AS-502, and AS-501 data agree very well in magnitude and trend. 
The fairings experienced a crush loading over almost the entire flight. 
This is due to their geometry which deflected the air stream away from 
the S-IC engines. 

The S-IC engine, intertank, and forward skirt compartment pressure 
differentials are shown in Figure 16-3 as a function of range time. 
The AS-503 engine compartment differential pressure levels were less 
than those on AS-501 and AS-502. Fuel line boots were omitted on 
AS-503 and the resulting increase in engine compartment leakage area 
probably accounted for the lower internal pressure. The intertank 
pressure differential agreed very well with AS-501 and AS-502 as a 
function of range time. The forward skirt compartment differential 
pressure levels were higher than those o?' AS-501 and AS-502 until 
Mach 1 was reached and were lower thereafter. However, these differences 
are close to the accuracy level of the instrumentation and as the trends 
are the same the agreement for the three flights are considered to be 
satisfactory. The predicted bands were derived analytically using the 
maximum expected leakage area, and minimum leakage area. 

The intertank and forward skirt pressure differentials show an abrupt 
drop between 60 and 70 seconds on all three flights. This is associated 
with the vehicle passing through Mach 1 which occurred between 60 and 
62 seconds. 

The S-IC engine , intertank, and forward skirt compartment pressure 
loadings are shown in Figure 16-4. The AS-503 engine compartment 
experienced a greater crush pressure loading than the engine compart- 
ments on AS-501 and AS-502. This was caused by the lower engine 
compartment pressure on AS-503 as discussed in the preceding paragraph. 
The intertank compartment pressure loadings agreed well with AS-501 and 
AS-502 data. The forward skirt loading was generally greater on AS-503 
throughout the first 90 seconds of flight. However, this resented no 
problem since the maximum value of approximately 0.27 N/cm !! (0.39 psid) 
was well below the design value of 1.38 N/cm2 (2.0 psid). The pre- 
dictions were based on wind tunnel data and predicted internal pressures. 

16.2.2 S-II Stage 

Surface pressure and compartment venting analyses were conducted using 
the AS-503 OMPT with angle-of-attack data obtained from the SCIC Flight 
Control Conditioned Data Tape (Q-ball). Atmospheric data were obtained 
from the Preliminary Meteorological Data Tape (Met Tape). 

The external flow field at a point on the S-II stage was analyzed by 
means of a digital computer flow field program. This program assumes 
a clean configuration, i.e., disturbances caused by protuberances are 
not accounted for. However, due to location the flight instruments 
are affected by these disturbances. Internal pressures for the forward 
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Figure 16-2. S-IC Engine Fairing Pressure Loading, Sheet 1 
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Figure 16-3. S-IC Compartment Pressure Differential 
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skirt, interstage, and insulation regions were analyzed by means of a 
digital computer multiple venting program. The validity of these methods 
of analysis was established by favorable comparison between predicted 
values for AS A-1 and AS-502 flight data. 

A plot of the pressure loading, acting across the forward skirt wall, is 
presented in the top graph of Figure 16-5. AS-503 flight data and post- 
flight predicted data are presented in the form of maximum-minimum data 
bands. AS-501 and AS-502 flight data bands are also shown for 
comparison. 

Both flight a,ld predicted pressure loads were obtained by taking the 
difference between the respective external pressure values and the 
assumed uniform internal pressure which was measured at vehicle 
longitudinal station 74.53 meters (2935 in.), and a peripheral angle 
of 191 degrees. The flight and predicted values show the same trends, 
are in good agreement, and well within the design limits. 

Comparison of AS-503 flight data and postflight predicted pressure 
loading acting across the iH2 sidewall insulation is presented in the 
lower graph of Figure 16-5. The time and magnitude of the peak bursting 
pressure agrees well with the postflight prediction. AS-501 and AS-532 
data are also shown and compare well with AS-503 data. 

16.2.3 S-IVB Stage l 

Pressures on the S-IVB stage were measured by one internal transducer 
in the forward compartment and one internal measurement for the aft 
compartment. 

The top graph in Figure 16-O shows the predicted design pressure dif- 
ferenti?ls (Pint-Pamb) for the forward compartment together 
with f '-t data for both AS-503 and AS-502. The AS-502 and AS-503 
for:, --tments had identical vent area4 of 0.097 meter2 (150 in.2). 
jhQ ;n general, was slightly lower than predicted up to about 
55 sec. ich the agreement was good. However, this data is 
preliminal, s expected that the final data will give much closer 
agreement. Irki! i ' graph in Figure 16-6 shows predicted and measured 
presstire different -Tr the aft compartment. The flight data for 
the aft compartmen t agieed ver;/ well with predicted values up to 
85 seconds after which the data was slightly higher. 

15.3 BASE PRESSURES 

16.3.1 S-IC Base Pressures 

Static pressures on the S-IC base heat shield were recorded by six 
measurements, two of which were heat shield differential pressures. 
Representative AS-503 data are compared with AS-501 and AS-502 data, 
and with AS-503 predictions based on previous flight data. 
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Typical S-IC base pressure differentials are shown in Figure 16-7 as a 
function of altitude. In general, the agreement is good between the 
AS-503 base pressure data and the AS-502 data. 

S-IC base heat shield pressure loading versus altitude is shown in 
Figure 16-8. The levels of AS-503 data were less than that for previous 
flight data because of a decrease in engine compartment pressure resulting 
from the increase in compartment venting, as discussed in paragraph 16.2.1. 
These heat shield loadings were well within the 1.38 N/cm2 (2.0 psid) 
design values. 

0.4 

-0.2 

= !\‘. I A / I j r (110.61 in.) 

0 10 20 30 40 so 6@ 70 

0 r a. 
VI- 

-0.2 

ALTlTUCL, km 

Figure 16-8. S-IC Base Heat Shie?d Pressure Loading 

16.3.2 S-II Base Pressures 

The postflight predictions of static pressures, on the aft face of the 
S-II bask heat shield, were evaluated from a semi-empirical correlation 
of base pressure with heating rate derived from hot flow model test 
results, and AS-501 and AS-502 fljght data. AS-501 and AS-5G2 flight 
data indicated that aft face heat shield pressure measurements, located 
away from the reverse flow stagnation point, would be reduced after 
interstage separation. The predictions of the heat shield forward face 
and thrust cone region static pressure were based on AS-501 and AS-502 
flight data. 

Figure 16-9 compares AS-503 measured static pressures,on the forward face 
of the heat shield and in the thrust cone region, with postflight pre- 
dictions and with AS-501 and AS-502 flight data. The static pressure on 
tbc forward face of the heat shield and thrust cone region during the 
AS-583 flight was approximately equal to the static pressure in these 
areas during the AS-501 and AS-502 flights. The pressure peak wh'ch 
occurred on the forward face of the heat shield and in the thrust 
region during AS-503 interstage separation was observed in previous 
flight data. 
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Figure 16-9. S-II Base Heat Shield Forward Face and Thrust Cone Pressures 

Figure 16-10 presents both the postflight predicted and AS-503 measured 
static pressures on the aft face of the heat shield. Also superimposed 
on Figure 16-10 are bands of static pressure data from the AS-501 and 
AS-502 flights. !n general, the analytical predictions were in good . 
agreement with the flight data from S-! I engine ignition, (155 seconds) 
up to Programmed Mixture Ratio (PMR) stepdown at 443 seconds. After 
PMR stepdown the analytical predictions were approximately 50 percent 
higher than the flight data. This discrepancy is believed due to errors 
in the assumed engine positions caused by uncertainties in structural 
compliance during flight. 

Figure 16-10 indicates that, except for a transient pressure peak, the 
static pressures near the stagnation point of the reverse flow were 
nearly independent of interstage separation, as observed in previous 
flight data. There was, however, a slow decay of static pressure with 
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Figure 16-10. S-II Heat Shield Aft Face Pressures 

time after interstage separation up to approximately 350 seconds. The 
decay vanished between 350 seconds and PMR stepdown at 443 seconds. The 
observed pressure decay during this period may be due to an incremental 
pressure caused by outgassing from within the base heat shield. The 
analytical predictions were based on the assumptions that the interstage 
has no effect on the base pressures near the stagnation point. Thus, 
the analytical predictions were constant from approximately 160 seconds 
up to PMR stepdown. For measurements located away from the stagnation 
point, the effect of interstage separation was to decrease the static 
pressure by about 27 percent. 

The pressure peak observed during interstage separation is believed due 
to the sudden increase in velocity and temperature of exhaust gases due 
to the confinement of the engine exhaust plumes by the interstage as it 
separated from the S-II vehicle. 
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16.4 ACOUSTIC ENVIRONMENT 

16.4.1 External Acoustics 

The external fluctuating pressure environments for the AS-503 vehicle 
were recorded by nine instruments located on the instrument unit, S-IVB 
forward and aft skirts, S-II forward and aft skirts, SCIC Intertank, 
S-IC aft skirt and Fin D. Instrument BD004-114, located on Fin D, 
failed prior to launch and provided no valid data. Representative data 
for the remaining instruments, together with AS-501 and AS-502 data, 
are shown in Figures 16-11 through 16-14. 

The AS-503 :Jxternal environment at liftoff is shown in Figure 16-11. 
Instl-llrrient B0019-427, located on the SpIVB aft skirt, displayed a data 
dropout from -1 second to 2 seconds; AS-503 liftoff dscta is not shown 
for this instrument. Data before and after the dropout display 

. 

expected levels. The spresd. noted in the data of the S-II forward 
skirt and aft skirt, is caused by circumferential position 
changes at a fixed vehicle axial station. The data indicate that up to 
a 6 decibel circumferential variation existed at these vehicle stations. 
The lowest levels are from the measurement located on the Launch 
Umbilical Tower side of the vehicle. All SCIC instruments have been 
corrected by -3 decibels to account for a Remote Aut;imatic Calibration 
System error. No other appreciable differences with previous flights 
have been noted. 

Liftoff sound pressure spectral densities are compared with AS-501 and 
AS-502 data in Figure 16-12. 
similar for all flights. 

Frequency characteristics generally appear 
S-II instrument data from the AS-503 flight 

show some changes in spectrum shape, but these instruments have been 
moved 90 degrees from the corresponding AS-501 and AS-502 measurement. 

l AS-501 
!  o AS-SO2 -...-L-._---._ _-_-_--_- - 
, 0 AS-503 

!L --~- _T ~----- -.-- \ \ 

----PREDIC' 

VEHICLE BOW STATION - METERS 

Figure 16-11. Vehicle External Overall Sound Pressure Level at Liftoff 
I 
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Overall fluctuating pressure time histories to 140 seconds are shown in 
Figure 16-13. The data peak in the S-K intertank instrument, after 
110 seconds, may be caused by flow separation and exhaust gas recircula- 
tion due to the expanded exhaust plume. The majority of time-histories 
show reasonable agreement between all three flights; however, 60037-200 
(S-II aft skirt) shows consistently higher overall levels after 
20 seconds than previous data. The cause appears to be a strong narrow 
band random, or possibly sinusoidal component in the 600 to 700 hertz 
frequency range. B0038-200 (S-II aft skirt) also shows this component 
at 80 seconds. 80019-427 displays intermittent data dropouts from 
80 to 92 seconds, but the data otherwise appears to be valid. 

Pressure spectral densities at maximum aerodynamic noise are shown in 
Figure 16-14. The 600 to 700 hertz peak is evident in the spectra for 
80037-200 and 80038-200. All other spectra show reasonable agreement 
between flights. \ 

16.4.2 Internal Acoustics 

16.4.2.1 S-IC Stage. Internal acoustics were measured at two locations 
on the S-IC stage. One measurement, located above the heat shield in 
the thrust structure, was not taken on previous flights. The acoustic 
data at this location are shown in Figure 16-15. The level of this 
measurement at liftoff appears as expected when compared to static 
firing data, and the drop off of the curve immediately after liftoff 
compares closely with the drop off of the intertank measurement. 
Therefore, the data appears to be valid until it reaches the noise 
floor at approximately 100 seconds. 

The intertank internal acoustic data are shown in Figure 16-16. Launch 
levels agreed with AS-501 and AS-502 levels. The levels during flight 
were slightly lower than on previous flights. 

16.4.2.2 S-II Stage. Two internal microphones were located on the S-II 
stage as follows: 

MEASUREMENT S-II AREA VEHICLE STATION AZIMUTH RADIU5 
(ml (in.) (deg) (m) (in.) 

6017-219 Forward Skirt, Internal 63.3 2492.1 270 4.52 178 

B039- 206 Thrust Cone, Internal 42.6 1677.2 270 3.30 130 

Figure 16-17 presents the measured overall acoustic internal levels 
versus rarge time for AS-503. AS-502 data is also shown for comparison 
purposes. AS-503 internal and external acoustics are shown in Table 
16-1 and compared with data from previous flights. 
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Figure 16-15. SIC Heat Shield Panels Acoustic Environment 
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Figure 16-16. S-K Internal Acoustic Environment 
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Table 16-l. S-II Acoustic Noise Levels Conparison of AS-503 
with AS-501 and AS-502 Data 

Meinitrgc 
I 

Stetic 131 no date 128 130 no data no date 144.0 14U 
Fire 

NOTE: AS-503 acoustic neasurement locetions Yere different frclll previous fllpkts. 

--. 

160 

g s-11 UC. 155.13 150 

c 140 

f  
g 130 

120 
- As-503 
w---&5-502 

160 

E 

E 

150 

2 
8 140 

4 130 

120 

1 
40 60 120 140 160 IO 100 220 240 260 -20 0 20 

Figure 16-17. S-II Compartment Over811 Acoustic Levels 
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Figure 16-18. S-IVB Fomard and Aft Skfrt Acoustic Levels 
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Special prelaunch channelitation and calibration checks were made on the 
AS-503 acoustic measurements to assure acquisition of valid acoustic 
data. Indications are that all acoustic measurements were valid. 

The internal acoustic data shown in Figure 16-17 is in excellent agree- 
ment with AS-502 data during the liftoff period. This would indicate 
that both AS-502 and AS-503 internal acoustic levels were valid. 

16.4.2.3 S-IVB Stage. The S-iVB acoustic environment was measured at 
four positions, internal and external on the forward skirt and internal 
and external on the aft skirt. 

Composite levels,.50 to 3000 hertz, time histories for these locations 
are presented in Figure 16-18. The AS-503 structural transmittability 
for the sound pressure at liftoff, and for the boundary layer pressure 
fluctuations in the transonic portion of flight, is indicated by the 
difference (shaded band) between the external measurements and the 
internal measurements. The maximum external levels and the minimum in- 
ternal levels measured during the AS-501 and AS-502 flights are also 
depicted, indicating that the AS-503 levels were nominal. 
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SECTION 17 

VEHICLE THERMAL ENVIRONMENT 

17.1 SUMMARY 

The AS-503 S-IC base region thermal environment was similar to that 
experienced on earlier flights. The base region environment was not 
notably altered by the outboard engine cant. With the exce tion of a brief 
transient, the effects of early Inboard Engine Cutoff (IECO P on the base 
region thermal environment were minor. Again the radiation hump at the 
base heat shield was correlated with the hot recirculated exhaust gases, 
as shown by the base TV cameras. As on the previous fligh.6, M-31 insula- 
tion was lost from the heat shield but caused no 
and structural temperatures forward of the heat s R roblems. Heating rates 

ield were similar to 
those of earlier flights until IECO. Lower heat rates due to receding 
point of plume induced flow separation were then reflected in lower 
structural temperatures for the S-IC stage. 

The S-IC forward skirt thermal environment after S-IC/S-II separatlon was 
similar to that measured on previous flights. 

Base thermal environments on the AS-503 S-II sta e were similar to those 
measured on AS-502 and were well below desjgn. 1 reduction in heating rate 
was noted after Propellant Mixture Ratlo (PMR) step down. 

The aeroheatlng rates on the AS-503 S-II stage InterstageS body structure, 
and fairings, though slightly lower, were similar to those on previous 
flights and no problems were noted. 

The thermal environment in the S-IVB J-2 engine area appeared normal as 
evidenced by the skin temperatures on the Augmented Spark Igniter (ASI) 
lines. 

Structural temperatures on the AS-503 IU stage were similar to those nn 
previous flights and no problems were noted. 

17.2 S-IC BASE HEATING AND SEPARATION ENVIRONMENT 

17.2.1 S-:C: Base Heatlng 

Thermal environments in the base region of the S-IC stage were recorded by 
39 measurements which were located on the heat shield, F-l engines, and 
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base of Fin D. This instrumentation included 6 radiation calorimeters, 15 
total calorimeters, and 14 gas temperature probes. Representative data 
from these instruments are compared with AS-501 and AS-502 flight data in 
Figures 17-l through 17-3. 

The radiation and total heating rates measured in the base region of the 
S-IC stage were approximately the same as those measured during the AS-502 
flight. This similarity was expected since both AS-503 and AS-502 vehicles 
were flown without base flow deflectors. One instrument, Cll-101 located 
on the lip of engine 101 facing the inboard engine, measured a total heat- 
ing rate which was higher throughout flight than had been measured at this 
location during AS-501 and AS-502 flights. Data from the radiation 
calorimeter and gas temperature probe at the same engine location did not 
deviate significantly from the AS-502 flight data, indicating that instru- 
ment C14-101 gave questionable readings for AS-503. 

Maximum base heating occurred at approximately 22 kilometers (11.9 n mi) 
on AS-503 and is principally radiation, as anticipated from previous 
Saturn V flight data, The initial rise in the AS-503 radiation heating 
rate correlates with the presence of hot recirculated gases near the 
heat shield as recorded by the S-IC base TV cameras. This is consistent 
with the conclusion, based upon AS-502 flight evaluatdon, that hot gas 
recirculation is the main cause of the radiation hump. 

Comparisons of AS-502 and AS-503 flight data show that the P-degree 
outboard engine cant on the AS-503 vehicle had a negligible effect on the 
base en 
watt/cm s 

ironment. IECD at 12 
(1.76 to 8.81 s 

seconds on AS-503 produced a 2 to 10 
Btu/ft -5) spike in the base heat flux environment 

of approximately 4 seconds duration. The magnitude and duration of this 
spike was anticipated, based upon AS-501 and AS-502 flight data at IECO. 
The base environment for the stable four engine flm field after IECO, 
from 130 to 154 seconds, had approximately the same trend as the five 
engine environment prior to IECO. 

No appreciable difference is noted in the convective heating measured on the 
heat shlelrr or engines when comparing the AS-503 vehicle with previous 
Saturn V flight data. A convective cooling rate was measured at the base 
heat shield up to approximately 12 kilometers (6.5 n ml) altitude, after 
which a small convective heating rate was measured. A convective heating 
rate tias present on the F-l engine nozzle extension frm liftoff and 
+eached a maximum value at an altitude of 22 kilometers (11.9 n ml). Con- 
vective heating to the nozzle extension was negligible above 40 kilometers 
(21.6 n mi). 

The total heating ratr! measured on the base of Fin D is compared with the 
AS-501 and AS-502 flight data.in Figure 17-3. It Is evident that fin total 
heating measurements for all three flights were approximately the same, 
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ALTITUDE, n mi 

5 10 15 20 25 30 35 

FLIGHT DATA 
---.-AS-501 
----AS-502 
-AS-503 

20 40 60 
ALTITUDE, km 

Figure 17-3. Base of Fin D Total heating Rate 

The initial rise in heating rate occurring at 15 kilometers (8.1 n mi) 
correlates with the recirculated exhaust gases reaching the heat shield as 
observed by Tb cameras. The peak in the AS-503 data is coincident with 
the AS-501 data, and occurred at the time that flow separation was first 
observed. 

The thermal response of the heat shield is delineated in Figures 17-4, 
??-5, and 17-6 which show the forward surface, bondline, and M-31 internal 
temperatures, respectively. The upper edge of the data bands in all three 
figures Is very clearly defined by measurements on the position lines 
where maximum heating occurred. Only 3 of the 14 thermocouples are located 
on the fin lines, as shown in Figure 17-7, and the traces from these give 
the lower edge of the data bands for the forward surface and bondline. 
As expected, fin l!ne temperatures were low since the enghes partially 
shleld this area from the base environment. 

Temperature histories of the heat exchanger bellows, exhaust manifold, 
and the nozzle are shown In Figure 17-8. The themcouple on the engine 
nozzle did not experience the expected temperature rise during the latter 
half of flight and is suspect. The heat exchanger bellows thermocouple 
apparently failed at 100 seconds. In general, the valid data compares 
favorably with the expected temperatures on the engines. 
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Figure 17-4. S-IC Heat Shield Forward Surface Temperature 
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Figure 17-5. S-IC Heat Shield Bondline Temperature 
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Figure 17-6. S-IC Heat Shield, M-31 Temperature 

The M-31 loss to the crushed core level of the S-IC base heat shield, which 
means the 0.407 centimeter (0.16 in.) aft layer of M-31 br%ke away, was 
visually observed via the base region TV cameras. Losses were noted during 
initial flow reversal at approximately 70 to 90 seconds. 

Figure 17-g shows an area on the aft face of the S-IC base heat shield as 
recorded by the inflight TV monitor at 68 seconds and at 122 seconds. No 
loss of M-31 is shown in the 68-second frame; however, the frame taken at 
122 seconds, which views the identical area, shows a single missing patch 
of M-31. The loss of this material seems to be less severe than on AS-502, 
based on TV observation for the two vehicles. 

Although not in the same area of the heat shield as that viewed by the TV 
monitor, a similar missing patch of M-31 probably accounts for the 
divergence of measurement CO38-115 from the nominal data band at 100 
seconds, as shown in Figure 17-4. Based on the thermal environment at the 
heat shield and previous studies, the M-31 loss which caused this theno- 
couple response could have occurred as early as 50 seconds. 
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Figure 17-7. SIC Base Heat Shield !4easurement Locations 
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Figure 17-8. S-IC Temperature Under Insulation, 
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Figure 17-g. s-IC AFT Face of Base Heat Shield Inflight TV Coverage 
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M-31 loss has been experienced on all S-IC boortert4aunched to date. On l 

AS-501, the loss was noted.at 110 seconds. On AS-502, M-31 was lost at 95 
seconds in the vlclnlty of two measurements and at 108 seconds near another 
measurement as shown in Figure 17-4 of the AS-502 Evaluation Re ort (MPR- 
SAT-FE-68-3, dated June 25, 1968). The AS-502 TV camera film s hp awed M-31 
loss and su%tantlated the separation at the crushed core level, as did 
analytical reconstruction using gas tmperature and radiometer data. 

As reported In the AS-502 Fvaluatlon Report, analysis conducted for AS-501 
and AS-502 has indicated that loss of M-31, subsequent to fllgtit times of 
80 to 90 seconds, will not result in airy detrimental effects on the S-IC 
stage aft thrust structure/engine compartment., 

17.2.2 S-IC/S-II Separation Environment 

As shown In Figure 17-10, gas temperatures during separatlon were slmllar 
to those mzastiped on prevlous fllghts. Two spikes In 

3 
as temperature are 

evident; one immediately following separation and resu tlng from ullage 
motor gases entering the forward skirt area and the other csrmpondlng 
to the S-II sta e 3-2 engine thrust buildup. Data franr the separation 
transducers ind cate separatlon rates and attitudes essentially the same 3 
as those experienced previously. 

.- --_ .---.. -..- 
1400 “0 E-E 

- 
EfIM TEbEMtUW m 534O*F 

1200 ty5EPAfmar, !54.47 

1100 

loo0 

1200 

loo0 

I I I I I I I I I I I I I I I '1 
a-- - 

154 155 1% 157 158 159 160 161 162 163 

MME TIS. stcm5 

Figure 17-10. S-IC Upper Compartnnt Ambient Air TeRperature Durdng 
S-K/S-II Stage Separation 
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The S-IC fJmard skirt skin temperatures measured during separatlon are 
shown In Figure 17-11. The maximum temperature reached was slightly 
higher than those Previously experienced and occurred about 3 seconds 
later but presented na problem. 

The S-IC LOX tank dome temperatures, Figtrre 17,?2, show that no appreciable 
heating occurred during separation, and corresponding temperatures on 
PrevioLs flights were practically duplicated. 

The maximum internal pressures, in the S-IC forward skirt area, were less 
than 1.0 N/cm2 (1.45 psia) and occurred during S-11 maln englnc start- 
up* Pressure spikes durin ullage motor flrlng were small and did not 
reach) magnitudes equal to k -501. 

17.3 S-II BASE HEATING AND SEPARATION ENVIRONMENT 

The postflight Predicted convective heatlng rates are based on hot flaw 
model test data, The recovery temperature of the reverse flow gas was 

350 

AS-563 FlkT ‘DATA’ 6ANd 
330 CO64-120 C314-120 

colsa-120 C316-120 

300 

290 

0 1 2 3 i 5 6 i e 

?!BC AFTER SEPAMTIOW, S~LMDS 

%ik-- 156.458 1 158.456 , 
..v.- 

l& 162.456 , ' 

RANGE WE. SLcwO5 

Figure 17-11. SIC Forward Skirt Skin Temperature 
after S-IC/S-11 Stage Separatlon 
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Figure 17-12. S-IC LOX Tank Fomard Dw Temperature 
During S-IC/S-II Stage Separation 

determlned to be 978OK (1300°F) rlor to PMR stepdown, and 894OK (1150OF) 
after PMR stepdown. The cold wa ! 1 convective and radiation heat flux, 
and gas recovery temperatures were then used to establish the heat shield 
surface temperature and the corresponding postfllght cold wall total 
heating rate predictions. Engine performance, I.e., mixture ratlo, 
chamber pressure, temperature, and glmballlng effects on convectlve heat- 
ing rates were coi:sldered. 

The AS-503 S-II measu sir base heating and separation envlronment was, In 
general, below design Ma and In good agreement wlth AS-501 and AS-502 
fllght data and AS&T cootfllght predlctlons. 

Flgure 17-13 presti,?:s a band of total hea*.lng rates to the calorimeters 
on the ~i't face of the base heat shield for the S-II boost period. The 
AS-503 postflight predictlons of these heating rates Is shown together 
wlth AS-501 and AS-502 fllght data for comparison. Figure 17-13 lndlcates 
that the analytical :)redictions am In good agreement with the flight 
data. 
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It is observed In Figure 17-13 that the maxImum heating rate Increased 
sharply after Interstage separations fhls change was notir Id in data 
from a measurement located near the stagnation point of th. reverse flow. 
Slmllar trends were observed on the previous flights but the Increases 
were not as sharp as on AS-503. 

The decrease in PMR at 443 seconds resulted in a 25 percent reduction In 
heatlng rate. 
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Postilight predlcted and AS-503 measured thrust cone reglon total heating 
r&es are presented in Figure 17-14. 
also presented for comparison. 

AS-501 and AS-502 fllght data are 
The postfllght predictions are In good 

agreement with the AS-503 flight data. 

Figure '17-14 shows that the data band of total heating rates for AS-501 
and AS-502 flights is wider prior to interstage sepa*ation when compared 
with the present flight data. This difference could be caused ?y a slight 
variation of the reversal flow phenomena and/or by variations in engine 
performance. 

POSTFLIGMT PREDICTION 
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Figure 17-14. S-II Thrust Cone Heating Rate 
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Gas recovery temperature at the S-II stage base heat shield aft face is 
sPilwn 'n Figure 17-15. The postfllght predlcted gas recovery tmperature 
is b%ed on model test data, and on AS-501 and AS-502 base heat shleld 
he&;Ing rates. A gas recovery temperature was calculated from fll ht 
transducer temperature data , using a probe emlssivlty factor of 0. 1 25, 
and is also shown In Figure 17-15. 

-0-1 POSTFLlGMl PREDICTION 
-- GAS RECOVERV TEMPERATURE 

CALCULATED FRO'1 FLIGHT 
TRANSDUCER DATA FOR PROBE 
EMISSIVITV OF 7.425 
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Figure 17-15. S-II Base Gas Temperature 
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Temr?ratures recorded durlng the AS-503 flight on the aft face of the base 
best shield were well below design values, and compared favorably wfth 
previous fl!ghts. Figure 17-16 presents a comparison of As-503 base heat 
shield aft face temperature data with AS-501 and AS-502 flight data and 
design temperatures. The lower temperatures In the AS-501 band were due 
to tl,e added heat capacitance of special steel transducer mounts used for 
two of the AS-SC1 measurements. The extended flight time for the AS-502 
was t!ue to loss of two engines at 413 seconds. Thus, the AS-503 band is 
the Yrst true indication of expected nominal flight data. The maxfmum 
reco:Tded AS-563 temperature of 764°K (915OF) occurred at 443 seconds, 
lmneclately prior to the PMR shift which reduced the heatfng rate and 
was slightly higher than the maxlmums of 742OK (875'F) and 735°K [865OF) 
recorded on AS-501 and AS-502, respectively. The design temperatures 
!dere calculated using the maximum design envfronment. 

The effectiveness of the he& shleld and Plexfble curtains as a th~mral 
protection system was demonstrated by the relatfvely low temperatures of 
the heat shield forward surface, as shown in Figure 17-17, when compared 
to the high temperature on the heat shield aft face shown in Figure 17-16. 
The range of heat shield forward surface temperatures measured on AS-503, 
shown In Figure 17-17, was below design and similar to the range of 
temperatures measured on AS-501 and AS-SOP. 

17.4 S-IV6 ENGINE AREA THERMAL ENVIRONMENT 

The S-IV3 engine area thermal envfronment showed a noma1 response as 
evidenced by the J-2 engine AS1 skin temperatures. These skin temperatures 
are discussed in paragraph 7.3 and are shown In Figure 7-10 of Sectfon 7. 

17.5 VEHICLE AEROHEATING THERMAL ENVIRONMENT 

17.5.1 S-IC Stage Aeroheating Envlronment 

The aerodynamic heating environments were measured using thermocouples 
attached to the backside of the structural skin on the SIG forward skirt, 
intertank, engine fairings at?d fins. In addftfon, external skfn temperature 
measurements were made on the forward skfrt. Generally, the aerodynamfc 
heating environments and skin temperatures were within predfctfon bands, 
below design lfmlts, and werij slightly lower than AS-501 and AS-502 flfght 
data. 

Comparisons cf measured skin temperatures and heating rates derlv?d from 
these temperatures for AS-501, AS-502, and AS-503 flights are presented 
in Ffgures 17-18 through 17-26. Postflfght simulated skin temperatures 
are als 
watt/cm 9 

included. The ffn skin temperature sfmulatfon fnciudes 0.284 
(0.25 Btu/ft2-s) for sea level plune radiatf?n and a factor for 

varlation with altitude. In addltfon, the flow separation envfronments 
were included in the fin temperature simulations. 
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External skin tr.,lperatures and corresponding heating rates on the S-IC 
forward skirt are prc:lnted in Figures 17-18 and 17-19. The measurements 
shown in these figures were not installed on previous vehicles. Figure 
17-18 shows a higher heating rate than Figure 17-19 due to one measurement 
beina located in a protuberance wake interference area and the other being 
located in a clean skin area. A comparison of forward skirt skin tem- 
peratures for AS-501, AS-502, and AS-503 vehicles is shown in Figure 17-20. 
Measurement C316-120, located on the forward skirt inner skin and shown 
in the bottom graph of this figure, was not installed on previous 
vehicles but shows the same temperature response as adjacent measurements. 
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Figure 17-20. S-IC Forward Skirt Aemdynamic Heating 
Near Finlines A and D 
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Intertank skin temperatures are shown in Figures 17-21 and 17-22, along 
with heating rates derived from these temperatures. The AS-503 measured 
temperatures are below those of AS-501 and AS-502, thus reflecting a 
slightly less severe heating trajectory than that flown by AS-501 and 
AS-502 and a recession of the forward point of flow separation which 
was observed during AS-503 flight after IECO. 

Measured skin temperatures and the corresponding heating rates for the 
engine fairings and fins are presented in Figures 17-23 through 17-26. 
These measurements indicate that flow separation reached the fins and 
engine fairings at approximately IlG zoconds. The thermal environment 
during the period of flow separation was due to radiation. A sharp 
decrease in the flow separation environment is indicated at approximately 
130 seconds, which represents a transition period of approximately 4 
seconds after IECO. The temperature simulations include the piydicted 
flow separation environment from 110 to 130 seconds and a reduced flow 
separat'on environment based on empirically established Iieating rates 
after 130 seconds. 

Measurements made of the forward point of flow separation from flight 
optical data at various flight times are shown in Figure 17-27 for the 
AS-501, AS-502 and AS-503 flights. At IECO (125.93 seconds) this data 
indicates that separation receded rapidly and re-established at ap roxi- 
mately 130 seconds at or near vehicle station 12.7 meters (500 in. P . 
This recession in the forward point of flow separation was not confirmed 
by AS-501 optical data since IECO for AS-501 occurred at 135 seconds and 
optical data was not available beyond 135 seconds. Also, flow separation 
recession on AS-502 was not discernible due to IECO at 145 seconds and 
Outboard Engine Cutoff (OECO) a few seconds later. Fin and engine fairing 
temperatures did, however, show similar responses during AS-501 and AS-503 
flights after IECO. 

Skin temperatures on the for+.ard skirt remained nearly constant until 90 
seconds and then increased to a maximum of 303.16"K (86°F) just prior to 
S-IC/S-II separation, as shown in Figure 17-28. These temperatures closely 
resembled orevious flight experience. 

To assist in assessing the thermal environment that is actually present on 
the exterior of the forward skirt during flight, 0.1 inch-thick aluminum 
plates were installed on the outside of the silicone rubber insulation, on 
top of the hat sections at four locations. Figure 17-29 presents the 
preflight maximum plate temperature predictions, the measured temperature, 
and the postflight correlation for one of these plates. 

Due to improved thermocouple installation techniques, the AS-503 flight 
is the first on which accurate LOX tank skin temperatures have been 
measured. The abbre%.iated previous flight data band shown in Figure 17-30 
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Figure 17-27. Forward Point of 

represents the extent to which good data was 
AS-502 flights. The AS-503 temperatures are 
maximum. 

Separated Flow 

received from the AS-501 and 
well below the predicted 

Intertank skin temperatures at liftoff were below those previously 
experienced, as seen in Figure 17-31. This is attributed to lawer ambient 
temperatures and lower sea level wind velocities prior to liftoff. The 
temperatures ht S-IC/S-II separation were well below those previously 
experienced which is attributed to the lack of plune-induced flow 
separation in this area for a significant period of time due to early IECO. 

As was the case for the LOX tank, improved themcouple installation 
techniques have permitted, for the first time, accurate fuel tank skin 
temperature measurements. These temperatures follow predicted trends, as 
seen in Figure 17-32. 

As seen in Figure 17-33, the thrust structure skin temperature followed 
trends similar to those experienced on the first two flights. The sudden 
change of slope at 130 seconds, and failure to reach previously experienced 
temperatures is attributed to the sudden change in the extent ana strength 
of the plume-induced flow separation region at IECO. 
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Temperatures on the aluminum portion of the fairings (forward of the heat 
shield) closely resembled those previously experienced, as is evident in 
Figure 17-39. Once again, the sudden leveling off of temperatures at 130 
seconds is attributed to ;ECO and the resultarlt changes in the plume- 
induced flow separation region. 

Temperatures on the titanium portion of the fairings (aft of the heat 
shield) are simiiar to the temperatures from previous flights, as shown in 
Figure 17-35. 

As seen in Figure 17-36, temperatures on the wedge or forward section of 
the fins closely resemble the data obtained from previous flights until 
1X secondsBaiter which temperatures remain nearly constant until S-IC/ 
S-II separation. This is due to the collapse of the region of plune- 
induced flew separation at IECO. Temperatures on the ilat or aft portion 
of the fin are not shown for the sake of brevity, but are similar to those 
measured on the wedge portion. 

Temoeratures measured on the aft face of the fins were lower than those 
measured on earlier flights, as shown in Figure 17-37. 

17.5.2 S-II Stage Aeroheating Environment 

Aeroheating on the S-II stage was analyzed using the AS-503 preliminary 
Observed Mass Point Trajectory and angle-of-attack data from Q-ball 
measurements. Atmospheric data were obtained from the Meteorological 
Data Tape. The aeroheating rate+ were then calculated by means of a 
digital computer program. These predicted aeroheating rates were corrected 
to calorimeter conditions for purposes of direct comparison with flight 
data. 

Postflight predicted heating rates to calorimeters on the S-II aft inter- 
stage are compared to AS-503 flight data in Figure 17-38. AS-501 and AS-502 
flight data are also shown in Figure 17-38. These calorimeters are not 
affected by protuberances. The agreement of AS-503 data with postflight 
prediction and with previous flight data is good. 

The heating rates to calorimeters on the forward conical fairings of ullage 
motors on the S-11 aft interstage are compared with the postflight 
urediction in Figure 17-39. The agreement between the postflight prediction 
and AS-503 flight data is good. 

The heatinp rate to a calorimeter on the aft boattail of an LH2 feedline 
fairing is shown in Figure 17-40 together with a postflight prediction 
and AS-501 and AS-502 date. 

A postflight heating rate prediction, together with the AS-503 heating rate 
to calorimeters iocsted on the forward conical portion of 9;~ LH2 feedline 
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Figure 17-38. S-II Aft Interstage Aeroheating Envirorrnent 

fairing, is shown in Figure 17-41. Also shawn are AS-501 and AS-502 flight 
data. The AS-SC3 flight data agrees well with the postflight prediction, 
and with previous flight data. 

The AS-503 flight aeroheating rates were considerably lamer than the design 
values. 
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Representative AS-503 structural and fairing surface temperature data are 
shown in Figures 17-42 through 17-44. In general, temperatures based on 
postflight predicted heating rates are in good agreement with flight data. 
Flight data and prediction for forward skirt skin temperature are shown . 
in Figure 17-42. The postflight prediction is only slightly higher than 
flight data. Figure 17-43 presen+ AS-503 aft interstage stringer cap 
temperature data. Predicted and tlight values of temperature are in good 
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the CCS lost lock. These were the only stations trackin the CCS during 
this period' UHF telemetry link DP-IS, which Is in para lel with links ? 
DP-1 and DP-IA, is transmitted through the CCS transponder and provided 
good dnta until 39,990 seconds (11:06:30). The data indicated that the 
IU batteries were decaying at this time. Projection of the decay rate 
indicated that the batteries would be depleted sufficiently at approximately 
44,0W seconds (12:13:20) to materially affect the performance of the CCS 
transponder. There were no data received for unified S-Band (USB) telemetry 
li?k DP-IA to enable evaluation of the USB. 

Approximately 20 minutes after TLI a programmed switch of antennas from OMNI 
to low gain was observed in the TEX and GYM data. This switch was recom- 
mended to maintain acceptable signal transmission during the final coast 
phase. Additional signal level changes were observed at these sites and 
fluctuations agree in time with antenna switching commands reported 
varbally as having been sent from GYM. These commands are listed in Table 
14-1, Section 14 which discusses performance of the CCS. Ground Station 
Command HisZories have not yet been received to confirm these commands. 

A summary of CCS coverage showing AOS and LOS is presented in Table 19-12. 

19.5.4 Television Propagation Evaluation 

Ground signal strength data of the television station w?re not available in 
time for this report to permit evaluation of the teleiision RF propagation. 
However, vcdeo tane data quality indicated satisfactory signal strength 
during S-IC powered flight. 

19.6 OPTICAL INSTRUMEMTATION 

19.6.1 Onboard cameras 

There was a total of four recoverable film camera capsules carried onboard 
the AS-503 vehicle, all on the S-IC stage. Two camera capsules were 
located on tt:e S-IC forward interstage at positions I and III looking 
forward to dew S-IC/S-II first plane separation and S-II engine start. 
The two remaftiing camera capsules were mounted on top of the S-IC stage 
LOX tank at positions II and IV, and contained pulse cameras which vlewed 
aft into the LOX tank through fiber optics bundles. 

There were also two television cameras located in the S-IC base region to 
view oropulslon and control system components. 

Only one camera 
recovered. It 
ejected. Radlo 
mlnutes before 
The capsule was 
58 mlnutes west 
recovered capsu 1 

capsule, the LOX camera located at positlon II, was 
s not known whether the other three camera capsules wel+e 
acquisition of the recovered capsule was about 2 to 3 
mpact at about 15 to 20 miles from the recovery helicopter. 
retrieved at 30 degrees 13 minutes north latitude, 73 degrees 
longitude at approximately B:l5 AH EST. Inspection of the 
e showed that 3 of the ground planes sheared off and 5 of 

the shroud lines on the drag skirt were broken. 
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17.5.4 IU Aeroheating Environment 

The IU inner skin temperatures, from launch through the end of first burn 
at 685 seconds, are presented in Figure 17-45. These data, in general, 
show good agreement with AS-502 data and no problems were noted. 
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Figure 17-45. IU Inner Skin Temperatures for Ascent 

17.6 VEHICLE ORBITAL HEATING ENVIRONMENT 

The IU inner skin temperatures, for portions of the time in earth orbit, 
are shotin in Figure 17-46. The temperatures are shown to be cycling 
between the same maximum and minimum values that were observed on the 
AS-502 flight, as the vehicle orbital path alternated between zones of 
earth shadow and solar heating. 
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SECTION 18 

ENVIRONMENTAL CONTROL SYSTEM 

18.1 SUMMARY 

The S-IC canister conditioning system and the aft environmenta: 
conditioning system perfornled satisfactorily during the AS-503 
countdown. 

The S-11 thermal control and compartment conditioning system maintained 
temperatures within the design limits throughout the prelaunch operations. 

The IU Environmental Control System (ECS) performed well throughout the 
flight. Coolant temperatures, pressures, and fiowrates remained within 
the predicted ranges and design limits for the first 3 hours of available 
flight data. 

Fj 
I 
h. ‘>. 18.2 S-IC ENVIRONMENTAL CONTROL 
'- 

The ambient temperature of the 18 canisters in the SCIC stage forward 
skirt compartment must be ccntrolled at 299.8 tll.lOK (80 :20°F) during 
equipment operation 
277.6'K (125 to 40°F ! 

rior to J-2 engine chilldown, and between 324.8 to 
during J-2 engine chilldown. No canister con- 

ditioning is required after S-IC forward umbilical disconnect. 

L 

: 

The canister temperatures remained within the required limits during the 
countdown, as shown in Fi 
temperature 285.9OK (55OF 4 

ure 18-l. Canister No. 6 recorded the lowest 
during prelaunch. Thi3 lowest c+nister 

temperature measured in flight was 256.8OK (2.5"F) in canister No. 2, 
as shown in Figure 18-l. 

During J-2 engine chilldown the thermal environment is at the most 
critical point. Within this period the ambient temperature in the 
forward skirt compartment dropped as shown in Figure 18-2. The lowest 
temperature, 173.2OK (-148OF), was recorded at instrument C207-120 which 
is located under a J-2 engine nozzle and receives the maximum effect of 
the cold helium. All other ambient temperatures were above the 205.4OK 
(-90°F) predicted mininnnn. 

E 

The design requirements for the aft compartment are that the orelaunch 
temperature be maintained at 299.7 f8.3OK (80 215°F) near the 
batteries and the remainder of the compartment be maintained at 
299.8 fll.lOK (80 t20°F). 
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Aft compartment prelaunch temperatures were maintained within the design 
requirements, as shown in Figure 18-3. The lowest prelaunch temperatube 
recorded was 293.2"K (68°F) at instrument number C203-115; During flight 
the lowest recorded temperature of 272.6"K (31°F) was also at instrument 
C203-115. 

18.3 S-II ENVIRONMENTAL COYTROL 

The S-II stage Environmental Control System consists of two parts. 

a. The engine compartment conditioning system provides a means 0.' 
purging the engine and aft interstage area of explosive mixtures 
during propellant loading operations, and maintaining proper 
temperature control Car stage components. The compartment purge 
is effected by :neans of warm GN2 and is operational only during 
the prelaunch period. The compartment vents have been designed 
to meet these objectives and to relieve internal pressure during 
S-IC boost. 

b. The thermal control system is designed to provide both temperature 
control and an inert atmosphere for the electronic equipment 
containers in the aft compartment. Ground equipment provides 
conditiorled air for cooling during ground checkout, and GN2 for 
purging and heating during and after propellant loading. The 
conditioned gas is directed to the equipment containers through 
ducting, and exhausts to the interstage area. The flow is fixed 
by, orifices and is continuous unti lterminated at umbilical 
disconnect. During flight, thermal inertia and container in- 
sulation will preclude out-of-tclerance equipment temperatures. 

The enSine compartment conditioning system maintained the compartment 
temperature within the design limit throughout the prelaunch operations. 
Engine compartment ambient temperature transducers, which were cOrnnOn 
to AS-502 and AS-503, generally indicated temperatures throughout the 
AS-503 countdown similar to those during AS-502 countdown. 

AS-502 and AS-503 temperatures were generally lower than AS-501 because 
the purge temperature was adjusted to produce average compartment 
temperatures at the control thermistor (12Kll) on the low side of the 
275 to 280°K (35 to 45°F) tolerance. The new thrust cone aft ambient 
measurements and the new engine area .ambient measurements indicated a 
relatively narrow temperature range in this zone of 283 to 294°K (50 to 
7OOF) prior to thrust chamber chilldown. However, a considerable 
temperature gradient relative to azimuth location was indicated by 
these measurements after thrust chamber chilldown. For example, the 
thrust cone ambient after chilldown was 213°K (-75°F) at position II, 
and was 255°K (OOF) at position I. The minimum engine area ambient 
was 194°K (-110°F) at position II, and the maximum was 241°K (-25OF) 
at position IV. It is suspected that the ambients in the vicinity of 
position I are lower than the others due to dissimilar helium flow rates 
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and/or temperatures issuing from the thrust chambers during chilldown. 
Supporting data for this theory are the thrust chamber jacket temperatures, 
and the fuel injection temperatures, which indicate that engines No. 1 
and No. 2 (straddling position II) cooled faster and to lower temperatures 
than the other three engines. 

Ambient temperature measurements , in the vicinity of the S-IC thermal 
control containers, indicated temperatures at liftoff of 243OK (-30°F) 
and 253°K (-4OF), respectively, indicating that the ambient temperature 
in this vicinity was above the minimum requirement of 205OK (-gOOF). 

Thrust cone temperature measurements indicated that the thrust cone 
structure was below the required 255°K (OOF) maximum design temperature 
at liftoff. 

There were no indications of hydrogen or oxygen in the S-IC/S-II 
interstage throughout the countdown. 

The forward thermal control system maintained the equipment mount 
temperatures in the middle of the design range throughout countdown and 
flight. The temperatures at liftoff were 4.5 to g.S"K (8 to 17OF) colder 
than those of AS-501 and 0 to 4°K (0 to 7OF) colder than AS-502. Similar 
to AS-501, the greatest drop in equipment mount temperature during 
was 4.5OK (8OF) and the greatest rise was 1°K (2OF). These changes 

flight 

occurred in containers 221 and 225, respectively. 

Container 214 was the only instrumented container in the aft thermal 
control system. The equipment mount temperature history in this 
container was within 2.75"K (5OF) of that recorded on AS-501 and AS-502. 
On the basis of this one measurement and the absence of any anomalies 
in equipment housed in the other containers , it is assumed that the aft 
thermal control system performed satisfactorily. 

18.4 S-IVB ENVIRONMENTAL CONTROL 

Temperature control for S-IVB forward skirt electronic components is 
provided by mounting the container on cold plates. A Methanol/Water 
(M/W) coolant, supplied by the IU Thermal Conditioning System (TCS), is 
circulated through these cold plates to carry away waste heat. The 
containers on AS-503 were not instrumented for temperature measurements, 
however, normal operation of the electronic components indicate that 
temperatures were maintained within proper limits. 

The S-IVB Environmental Control System for the aft skirt and interstage 
provides the following: 

a. Thermal conditioning of the atmosphere, during ground operations, 
around electrical equipment in the aft skirt. 
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b. Thermal conditioning of the Auxiliary Propulsion System (APS), 
hydraulic accumulator reservoir, and ambient helium bottle. 

C. Purging of the aft skirt, aft interstage and thrust structure, 
and the S-II stage forward skirt of oxygen and combustible gases. 

Temperature-controlled air or GN2 is supplied at the rate of 3500 SCFM 
to accomplish the thermal conditioning. The GN2 purge is initiated at 
LOX loading and is continued until umbilical disconnect. The system 
performance appeared to be satisfactory; however, a detailed analysis 
was not made. 

18.5 IU ENVIRONMENTAL CONTROL 

The ECS maintained acceptable operating conditions for components mounted 
within the Instrunent Unit (IU) and the S-IVB stage forward skirt during 
preflight and fli ht operations. The ECS is composed of a Thermal Con- 
ditioning System 9 TCS) and a Gas Bearing Supply System (GBS). A Preflight 
Purge Subsystem provided compartment conditioning prior to launch. 

18.5.1 Thermal Conditioning System 

A conditioned enviroment in the IU/S-IVB stage compartment is maintained 
prior to launch by a temperature and flow regulated supply of air or 
GN2. The environmental conditioning duct distributes the regulated 
ground supplied air throughout the compartment through orifices in the 
duct during the preflight checkout phases. During fueling operation, 
GN2 is used to purge the IU compartment. Purgling teminates with 
umbilical sepa?atlm. Preflight data received from Kennedy Space Center 
indicate satisfi: Lory operation. The required 290.2 to 295.8OK (63 to 
73OF) compartment temperature was maintained. 

The IU TCS, shown in Figure 18-4, maintained an acceptable M/W coolant 
temperature of 288 f0.56OK (59 tl°F) for the IU and S-M sta 
electrical components during prelaunch and 280.4 to 293.15OK 45 to 68OF) P 
during flight operations. A coolant punp circulates the M/W fluid to 
the IU and S-IVB stage TCS. Flowrate distribution Is controlled by 
fixed orifices. The IU flowrate is proportionally distributed to the 
16 IU cold plates and the 4 internally cooled components. These 
components are: stabilized platform, Flight Control Computer (FCC), 
Launch Vehicle Data Adapter (LVDA), and Launch Vehicle Digital Computer 
(LVDC). The IU and SiIVB stage coolant 1s then returned to a heat 
exchanger assembly. This heat exchanger is cooled by a sublimation 
process. Water, supplied from a pressurized accumulator, passes through 
a porous plate in the sublimator here the 
compartment ambient. The water is then coo ed to the frozen state and P 

ressure is reduced to 

evaporates by sublimation at the near vacuum compartment pressure. This 
then serves as a heat sink. At 5 seconds after liftoff a switch selector 
c-and diverts 100 percent of the M/W coolant flow through the heat 
exchanger. At about 180 seconds, a switch selector ccamand opens the 
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water solenoid valve and starts the sublimation cooling cycle. Starting 
at 480 seconds the LVDC senses the M/W coolant temperature once every 
300 seconds. If the coolant temperature is above the thermal switch 
set point upper limit of 288.6OK (60°F) at this time, the water valve 
is conmnanded open to initiate a cooling cycle. If the coolant 
temperature is less than the thermal switch set point lower limit of 
288.3OK (59.6"F), the water valve is commanded closed and sublimator 
cooling is terminated until the temperature is sampled again. 

Figure 18-5 shows the M/W control temperature cycling within the required 
280.2 to 293°K (45 to 68OF) temperature band during the period that data 
is available. Pressures and flowrates remained within the required 
ranges. Shortly after liftoff the MFCV went toward the full sublimator 
flow position. Figure 18-6 shows the sublimator performance during 
ascent. The water valve opened at 184.77 seconds and gradually 
increasing cooling was evident until approximately 500 seconds. At 
this time, the sublimator completed its fill cycle and a high level of 
cooling was apparent. The TCS GN2 usage, shown in Figure 18-7, was 
slightly less than nominal. A 0.0322 kg/hr (0.07 lbm/hr) usage rate 
was within the allowable range of 0.03 to 0.044 kg/hr (0.066 to 0.097 
lbm/hr). 
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Figure 18-6. IU Sublimator Performance During Ascent 

Selected component temperatures are shown in Figure 18-8. 

18.5.2 Gas Bearing Supply System 

The Gas Bearing System (GBS), shown in Figure 18-4, supplies 6N2 at a 
regulated pressure and temperature to the ST-124H Inertial Platfonn 
Assembly (Platform) for preflight and flight operation. The 6BS consists 
of a storage sphere, heat exchanger, pressure regulator, low-pressure 
switch, two filttrs, a supply and emergency vent, solenoid valve, 
calibration line, and associated tubing. 

During system operation, GN2 flows from the storage sphere at an initial 
pressure of 2068 Q'cm2 (3000 psig). After the GN2 is filtered, the 
pressure regulator drops the pressure to an acceptable value for the 
air bearing operation. The GN2 flows through the heat exchanger and a 
second filter to the Platform gas bearing inlet. The heat exchanger 
thermally ccnditions the GN2. A line from the Platform to the done of 
the pressure regulator supplies the reference pressure required to 
control the pressure differential across the gas bearings. 
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The gas bearing system performance is shown in Figure 18-9. A gradual 
increase in the inlet pressure differential 
the second S-IV8 stage burn, and a 0.31 N/cm 5 

an be seen starting during 
(0.45 psid) shift can be 

seen at spacecraft separatfon at 12,056.3 econds after which the 
gradual increase continued. The 10.7 N/cm 9 (5.5 psid) specification 
maximwn was exceeded when this shift occurred. The probable cause of 
this occurrence was a shift in spring displacement in the gas bearing 
pressure regulator. This shift has been seen during component testing 
and has been shown to be the result of low torque on the adjustment 
screw locknut. 
differential. 

No problems occurred as a result of this shift in pressure 
The G8S usage, as shown in Figure 18-10, was slightly less 

than that nominally expected. A 0.35 SCFM usage rate, which was within 
the 0.3 to 0.5 SCFM allowable range, is indicated. 
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SECTION 19 

DATA SYSTEMS 

19.1 SUMMARY 

The AS-503 launch vehicle data system consisted of 2670 active flight 
measurements, 21 telemetry links, onboard tape recorders, film and tele- 
vision cameras, and tracking. With the exception of the onboard film 
cameras, all data system elements performed very satisfactorily. As 
discussed in paragraph 19.6, only one of the four S-IC film cameras was 
recovered. 

The performance of all vehicle telemetry systems was excellent. The last 
usable VHF data were received by the Guaymas and Texas stations from 
telemetry links CF-1 and CP-1 at 15,660 seconds (4:21:00). 

Performance of the Radio Frequency (RF) systems was satisfactory. 
Measured flight data, with few exceptions, agreed favorably with expected 
trends. Final loss of RF carrier signals after translunar injection were 
as follows: VHF telemetry was last received by Guaymas at approximately 
29,230 seconds (8:07:10), Command and Communication System (CCS) was lost 
by Guaymas at approximately 44,357 seconds (12:19:17), and the C-Band 
radar transmission was last received by Grand Turk Island (GTI) at 
approximately 21,325 seconds (5:55:25). 

Ground camera coverage was good as evidenced by 81.5 percent system 
efficiency. The onboard television (TV) systems performed satisfactorily 
and provided useful data. 

19.2 VEHICLE MEASUREMENTS EVALUATION 

Flight measurements transmitted by the AS-503 instrumentation systems 
provided data for real time monitoring and postflight evaluation of the 
launch vehicle. The received data were reviewed and their respective 
measurements classified according to successfulness to achieve assigned 
flight requirements. This measurements evaluation provided an indication 
of the instrumentation system's performance and apprised data users of 
any limitations in the data for other vehicle systems analyses. 
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Definitions of the adopted flight measurement classifications follow as 
a guide for the interpretation of subsequent material: 

Measurements, 
Scheduled 

Those measurements listed in the Instrument 
Program and Components (IP&C) List for the 
particular flight and stage, which are wholly on 
the stage. 

Measurements, 
Waived 

Scheduled measurements which have been deleted 
as a flight requirement by NASA prior to start 
of automatic countdown sequence, but are not 
necessarily inoperative. 

Measurements, Scheduled flight measurements that have not been 
Active waived when automatic countdown sequence starts. 

Measurements, 
Failed 

Active flight measurements which, due to 
malfunction, fail to achieve their intended 
purpose. 

Measurements, 
Partially Failed 

Active flight measurements which successfully 
achieve their intended purpose despite a 
malfunction during flight. 

Measurements, 
Successful 

Measurements which achieve their intended purpose 
and include total successes and partial failures. 

Measurement 
Reliability 

The percentage of active flight measurements 
which achieve their intended purpose (including 
partial failures). Questionable measurements 
are excluded from assessment. The measurement 
reliability is determined as follows: 

Measurements, 
Out of Range 

Measurements, 
Questionable 

% Reliability = No. of successful measurements X 
100 
No. of active flight measurements 

Measurements which register above or below the 
assigned information bandwidth during any part 
of the flight are defined as being out of range. 
All out of range measurements, which are not also 
classified as failures or partial failures, are 
listed in the Out of Range Measurements table. 

Any measurements that have not been judged as 
being successful, failed, or partially failed 
(at time of this report issuance) shall be 
referred to as questionable measurements. 
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There were 2675 scheduled flight measurements on the AS-503 launch vehicle 
of which only 5 were waived prior to automatic countdown. Of the remaining 
2570 active measurements, 27 failed, resulting in a launch vahicle measure- 
ment reliability of 99.0 percent. A sumnary of the launch vehicle's measure- 
ments performance is presented in Table 19-l. 

Measuring system performance for the AS-503 launch vehicle was excellent. 
The only abnormality of interest was the temporary loss of several S-II 
temperatures due to the intermittent operation of three power supplies. 
However, no critical operational parameters were affected and the data 
loss did not impair flight performance evaluation. 

19.2.1 S-IC Stage Measurement Analysis 

There were 893 flight measurements scheduled for the S-IC stage. Prior to 
the start of automatic countdown sequence, 3 measurements gave malfunction 
indications and were waived. (See Table 19-3 for a summary). However, 
two waived measurements did provide usable flight data. Of the remaining 
890 active flight measurements, 6 failed, 23 partially failed, 5 were 
improperly ranged, and 2 were questionable. The failures and partial 
failures are summarized in Table 19-3. Table 19-4 gives a sunnary of the 
improperly ranged measurements and questionable measurements are presented 
in Table 19-5. Based upon the numbers of active and failed measurements, 
the S-IC stage flight measurement reliability was 99.3 percent. 

Table 19-l. AS-503 Flight Measurement Sumnary 

S-IVB 
MEASUREMENTS SIC S-II STAGE INSTRWNT TOTAL 

CATEGORY STAGE STAGE 
PHASE I l PHASE Ir* 

UNIT VEHICLE 

Scheduled 893 1001 404 404 377 2675 

Waived 3 2 0 0 0 5 

Failures 6 16 2 5 0 27 

Partial Failures 23 49 0 0 3 75 

Improper Range 5 0 0 1 0 6 

Questionable 2 0 0 0 1 3 

Reliability, % 99.3 98.4 99.5 98.8 loo.0 99.0 

*Notes: 1. S-IVB Phase I period of performance is from liftoff to parking 
.orbit insertion. 

2. S-IVB Phase II period of perfomance is frc ,f until end 
of S-IVB stage flight period of perfornuuice. 
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Performance of the S-IC PO60 suppression system measurements was satisfac- 
tory and a significant improvement was noted in the quality of acoustic 
and high frequency vibration data on this flight. Several of the latter 
category of measurements had increased ranges and low pass filters added. 
These modifications resulted in a 95.9 percent reliability in the acquisi- 
tion of these measurements compared to 90.2 percent for AS-502. 

19.2.2 S-II Stage Measurement Analysis 

There were 1001 flight measurements scheduled for the S-II stage. Prior 
to the start of automatic countdown sequence, 2 measurements gave malfunc- 
tion indications and were waived. The waived measurements, summarized in 
Table 19-2, provided no useful flight data The remaining 999 active 
flight measurements, 16 failed, and 49 pa, cially failed (44 of which were 
associated with the intermittent performance of three temoerature bridge 
power supplies). The failed and partially failed measurements are sum- 
marized in Table 19-3. Based upon the nwnber of active and failed measure- 
ments, the S-II stage flight measurement reliability was 98.4 percent. 

Twice during the flight, power supplies for temperaoure measurement 
briuges intermittently open-circuited. As discussed in paragraph 13.3, 
output voltages MO46 and MO59 were intermittent for approximately 30 
seconds through the period of Max Q. Dur?ng this time, all 25 temperature 
measurements connected to these power supplies similarly went off scale. 
All affected measurements returned to normal following the return of 
correct power supply voltage. At approximately 443 seconds, power supply 
voltage MO53 became intermittent and caused 19 temperature measurements 
to go off scale for approximately 30 seconds and then return to nornral 
when correct power was reapplied. All 44 measurements provided satisfactory 

Table 19-2. AS-503 Flight Measurements Waived Prior to Launch 

MEASUREI:ENT 
NUMBER MEASUREMENT TITLE NATURE Of FAILURE RfrURKS 

s-IC STAGE 

c041-115 

0027-101 

Tenqcrature. Heiium Inlet Manifold Renind atkrinu Uaiver LIA-l-47; No Valid Data. 

Pressure. Surface, Outbard Engine Inoperative Defore 
Flight 

Uaiuer LIA-l-46; Valtd Data During 
Flight. 

NO26I 15 Film Camra Tinrr Operation Indicator Tim Code Not Per Ualrcr LlA-l-48; Partially Yalld 
Specification rntr. 

I S-11 STAGE 

Co63-218 
I 

Tenpcraturr. LH2 Oa txtemal Indicated Uariau 
Zfisulation Surface Tclpcrature Before And 

During Fiight 

0030-201 Pressure, El LH2 Recirculation Pup Abnomally Lar Indlca- 
Discharge tion before And During 

FllcJht 

No Valid Data. 

No Valid Date. 
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b.,’ Table 19-3. AS-503 Flight Measurement Malfunctions 

TOTAL NNlJnINnl fAILuIf5. S-K 5TW - 
Pm4-II4 Acoustic Rwr fin 0 

l- 

Hlqh ~lttude. la -5suwds mu 
froqwncy notsc 

saturation of ty4t.d 
to hi* rlbwtlm lam 

mml-120 leludetry 4nt*nn4 R.fI*C- Ib 4at4 -5 sumds ma rrllwo of VW Intto 
ted Powr Ll"k r-1 

0046-104 

0015-103 

1039-IO1 

t042-1w 

Pressure. Dllf. Mu1 D4t4 high thwu~out most tnttn nt*t bw 
Sntbld of fltght 

Port CY wab4bly left 
oa 

Pr.ssur* flqlne Gilbrl obtb r?4dS ID PSI tm but -5wconds mb nbbson wbm 
System Pitch Actuator shas -1 trend thmuph- 
naJm out fltght 

Vlbr4tton. Fusl Plr~ Inlet Obtr &as mt  ym rtth -5 SrrLndS IOU 
pnrtau4 rttght at4 

systa Utwbtton *r I 
hl(I, rIbratIo lml 

Vlbr4tton. Fwl Rnp Datb dbbs not yrw rtth -5 sbcods bu 
Flrnpr prbvtbw fl l*t dmlb 
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DO30-203 

0030-20) 

DO30-205 

0112-219 

0115~219 
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D!U-ZW 
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OOOm401 

E020940l 
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COl49.4Ol 

co208-405 

czo41-403 
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Table 19-3. AS-503 Flight Measurement Malfunctions (Continued) 

---- 

AOOI-lla 

coo3-102 
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CDdl-II0 
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Cl?P-ID5 
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lotal 1Jlorii~~tCr 80 l d Ia s4conds conwctor th4ttw 

Terlc.wlture. Skin Shroud, LOSS of data fron I25 to I25 seconds I55 s4cwds Transducw frilur* 
lnt4rn4l 130 s*cmds 

lmgerdture. Skin Shroud. Data crr*tIc until -5 roconds 25 suorlds lrrnsducrr f4tlum 
Inner Surfrce I30 wconos 

1emperr:urc. nor1 ) Dat4 erratic 4fter 105 seconds II0 s4mnds Inst4ll4tton DWblm. 
t*cnanqer &Ilors 105 IKondS *Id brobm. 

l.miQerrturc. C4lorirrtw D4tr err4tlc frol 80 to AC suonds I35 saconds A@p4rmt 4Icctr1c4I 
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lmper~tun, LOI Prcv~IIc *arurcnnt f*il4d 4t 70 suonds 
I. tng1nc lb. 5 10 suonds 

15 sumds AyE’ trmstiw 

PrcI5urc. cmbwtion krrummnt did not IUIs4condS l5oscMds Igg4maCl~ senstn 
Chdmber retpond cormtly 4t (ICC0 port 

Prerrurc. &se Mat Shlcld D4t4 nQ1Sy 4d 4W4ttC -5¶uonds 
frca ignttion unttl 

60 scmds A$??$,t c-tw 

80 SecodI 

9089-115 Prerrwe. D1ffcrential Ic4suwmnt did not 
Sk,” respond corlmctly 

AD rotmds I5 rrconds ClO9gml WItstry wt. 
hrsu~ts GiB%I15 
4d 0120-115 c-ted 
to 1w Dwt 
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to w pore 

a151-II5 
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K014.llH 

bMl-115 
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LO!!.II9 

LL!ZO-1:9 

*009-120 

5011-120 

5046.111 

pnsture. LOX pup Inl*t mrsumnt f4llcd 4t 30 sumds 35 ucmds 1Nrlsh.r f4114d du t 
30 suondr 4ICoss11o OanrlrOlMt 

Yibrdtlon. fuel Pw krsuraunts contrlmd 
:os 

130 sm ww4ttbn of r*ste 
Flrnqe. Rddi4l high wlitud.. IOU 

fr4qwncy noiw 
f~:” htW vi.. 1t?oO 

Vlbrrtlon. Fuel flrp h4sumntr contrind 110 suds I1tYw8lm Of systm 
Flange. R4di4l hlph ~IItIJI. ha "us 

frequency nolS4 
;",:" hlqh rlt4tlm 

!01 Lcwl Cutoff 4 m4sumnt sritclud -5s44tis IntO+ 
ttwou+ut fl IglM l tttmt 

y,a:&“““” or 

Ihrurt OK Pnlsur4 lhsu-t sattrmd -5wConrs IntW- vmssum swtc* clyttw 
Srltch 2. In+4 llo. 4 throuqtnwt fl iqbt l * ttme 

1twust OK vnssurr maw-t wltcbsd -5wctis mw- 0mssYm wItc* cb4tt.r 
S.llCh 3. bgl"r 10. 5 throwt fl lqht l tttmt 

swnt Id4ntiflc4tlon. lfersumnt did not lock Prior to Aftw 0.3 cwu wk41) 
fuel DiscrCte 4” untt1 0.1 ucords 0.35 UcorJs ucmds 

Segvnt Id?otiflcrtlon. lndic4tcp Incorrect 
Porltlon III tnpnt tkrw~t u*qht 

~oynt: l;, Pre)rbl@ c4bl4 frrlur* 
. I . 

Itrrin. forwrd Skirt. D4t4 rhift4d thmcqhout vr1or to Shlft44 scrrtre prw tnst4lIat~or 

Lonqitudin4l flight 11 i*t frllun 

~trd~n. Forurd Skirt. Cut4 shrfted tbmugkout Prl4w to 5bifW strrtn - tnst4ll4tiw 
Lcngltudtn~l fl igbt 11t*t fr~lur4 

strdll,. Lou?, u1rt. htd shifted throuphout . PrlQT to H1fwd Iqropw adjustmmt 
tonqltudlndl fIlpn1 fl @bt 
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Table 19-3. AS-503 Flight Measurement Malfunctions (Continued) 

*(AswlmYl TIlLI 
I 

UIWC OF FAIlW[ 

SWENlll F1IlutS. S-II !  

Loss OF dotr. lnl~trtad 
Yn tm 

LOSS Of dota. hd1catsd 
l 1n pass 

m1so swos 
101s. sp15*9 

1101s* WlkoS 

I 

69socoNds 

843 vcwds 

CMI-202 

cm&203 

1001-204 

LOOZ-ml 

mmml 

'C018-219 

l c021-219 

l c024-219 

YOl5-2le 

Ko6I-ZIa 

tow-218 

Kou-211) 

tocs-tle 

'COW-219 

Yl15-2111 

tta-218 

t122-21e. 

%I%-216 

T355-220 

%YI-222 

t5l6-225 

*cm-211 

l CI64-218 

WOI-219 

%89-218 

l C892-218 

YB94-218 

Ym5-218 

fool-204 

13 Fuel m  Intcrrtrq I 

I4 Long Vlb Collbstn k 

E4 Radial Vlb 101 hrr, 

t4 lladlrl Vlb Ful Pm 

Forwrd SLlrt Int8mrf 
hbl 

Forvrd Shirt Internal 
ht.7 

Fomwd SLlrt Internal 
surf I . 

LH2 m  Intmlrl kb 1 

Ll42 Da IntorNf surf 1 
LIQ Da Intomal surf 1 
Ltl2 Dow tnt lnrul Surf 1 

LH2 osw Ext lnsul surf 1 

Fo~lrd Ylrt Internal 
Surf 1 

L"2 lank lnrulrtlon Surf 

LW2 lrnk Insul;tton Surf 

LH2 Tank Inwlrt10m Surf 

systaw 7unnoI Int WI1 1 

m c0ntr 149 m  7 

1nstr contr Equip m  1 

T im cwtr uall Swf 1 

~“2 lank Ltquld 1 

W2 Tan6 Llquld 1 

Trpr0turo at CEO5 

14 Tank Inrulrtlon 
surf I 

Dot0 out Of 
~wmnlut* 

rigs far 
IO socods 

Ulblf’t”k lnrulrtlon 

LH? lank lnrulrtlon 
Surf 1 

ww4tlOn 
n brid9e 

ml53 

[5 FUCI Pump Olrchrgo 1 

I4 LO1 vlro mcbwp 1 

15 LOI Pm Dlscharqc 1 

C4 LOI Turbln Inlet 1 

I5 101 lurbln Inlet 1 

14 llectrlc control ma 

15 Llrctric Conrrol Eati 

[I vr1rry 1nrtr vkg 1 

I5 PrImdry InsIr Vkg 1 

fuel Vdlu! Inlet 

Furl V,lW lnlrl 

Llll V.llW lnlct 
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Table 19-3. AS-503 Flight Measurement Malfunctions (Continued) 

lhrust COIN Cd Id 7 

lhrust CON Fd kb 7 

Instr cmtr cowr surf 1 

fn(lM C~rtmmt 6as 1 
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‘30-601 
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vmt Off-SC410 1w manm w w4.m 87 WCIIIS 
I7 bd 157 samds. tm md 157 su- 
nerd tdIc4ttm mtum6d 

FL: md 
mtemd 

Table 19-4. AS-503 Flight Measurements With Improper Range 

EOSP-119 y&on 9ondlng. Offscrlr hl@ !;4~"'5 V@;d data l ncagt kbnn notad 

ml-119 ;~br&tion Ikndlng. Offscrlr hl9h T--T+15 Va~dLtroacaPtWswnno~d 

E094-120 Vlbntlan D8stwct 
;sr tintIn !s ALIT zr Of 

Valid brta; vibration rnvlrm- 
mtlow 

Fo49-115 Flowrrta, Jolnt Offscrlo hIti Duntlon of Musurrnt mtundrd full 
Loakbe fl1gkt ralr bacwaeof flangalrrl 

Loo&119 Lor Leval, Posltlm 
3 

:;r.dmd full 555: 5.3 LlUtmlCS out of @llgIWBt 
Rtr u$oablr at other tlr, 

79.3 to 0.0 
reandr 

f-Iv9 STME 

'CO39143 Tm - He Hmtrr 0ffsalrlw ourlrg He Iksuramntmngodforlomor 
Suwort 2 hewer bunY,tlmsthMocctwd 

oporBt10n 

I I 

5tago contractor conrldon mmsunnmt comctly rmgrd. I I 
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data except for the short time periods mentioned and none of these measure- 
ments, nor measurements powered by twelve other similar temperature bridge 
power supplies, were associated with operational functions of the stage. 
Their intermittent operation, therefore, did not constitute a hazard to 
the flight. 

The quality of vibration data showed considerable improvement compared 
with that from AS-502. Modifications were incorporated that increased 
measurement ranges and added low pass filters to several of these 
measurement channels. As a result, the acquisition of vibrational data 
was 98.4 percent successful on AS-503 compared with 70.0 percent on AS-502. 

19.2.3 S-IV6 Stage Measurement Analysis 

The S-IVB stage had 404 flight measurements scheduled for AS-503, all of 
which were active at the start of automatic countdown. There were only 
2 measurement failures in Phase I, which begins at liftoff and ends at 
parking orbit insertion. Three other measurements failed during the latter 
part of Phase II, which also starts at liftoff but continues until the 
end of S-IVB stage flight period of performance. These failures are 
summarized in Table 19-3. Measurement CO3gl-403, Table 19-4, was considered 
improperly ranged because it remained offscale low during the short 02/H2 
burner operation. The measurement was ranged for much longer burner times 
and was therefore not expected to read onscale on AS-503. Based upon the 
nunber of active and failed measurements, the S-IV8 stage flight measurement 
reliability was 99.5 percent for Phase I and 98.8 percent for Phase II. 
Thirty eight other measurements were handled by the S-IVB stage though not 
wholly on the stage and therefore excluded from the reliability assessment. 
An evaluation of these measurements, however, indicated that they were all 
successful. 

Table 19-5. AS-503 Questionable Flight Measurements 

IEASURLMfNT TITLE msDN alEsrlaaD 

S-K ST&E 

CO16101 loq Eng 1 Cal #nomBlly hl hrrumt wr8 v&lid but ti 
tbwt fl 0" gbt. mt aml8to dth nlrtod muum- 

mm nOrah D~VlOu8 n1*trtr 

C138-101 La~~~tod t8q8ntum Da8 rnrr100 8ocom tndiot.8 
r18. nDt indiC8tOd. tha )or8lblll~ Of thaiWMWl@ 

f8llUrn. 

s-IU STME 

JO32402 RF Roflrct Powr. fl Telmtor h88Umt 8p@eW8 V81td but 
mlrtod ~8uwt8 and tolmotry 
)rVfOmnC@ dD MOt 8dBt8dfBtO 
v8lidity. 
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19.2.4 S-IU Stage Measurement Analysis 

There were 377 flight pleasuremerits scheduled for the S-IU stage. None of 
the measurements were waived prior to the start of automatic countdown and 
all measurements provided usable data. Only 3 measurements partially 
failed and they are summarized in Table 19-3. Measurement 5032-602, Sl 
Telemeter RF Reflected Power, indicated abnormally high throughout the 
flight while the RF output power indicated normal performance, and data 
from the link were satisfactory. This measurement problem has not been 
resolved and is listed in Table 19-5 as questionable. The flight measure- 
ment reliability of the S-IU stage was 100.0 percent based upon zero 
totally failed measurements. 

19.3 AIRBORNE TELEMETRY SYSTEMS 

The AS-503 launch vehicle contained 21 telemetry links: 6 on the S-IC 
stage, 6 on the S-II stage, 3 on the S-IVB stage, and 6 on the S-IU stage. 
Table 19-6 presents a listing of the vehicle's telemetry links and sm- 
marizes their performances by stage. The 19 VHF and 1 of the 2 UHF telemetry 
links performed very satisfactorily; however, lack of data precluded an 
evaluation of UHF link DP-1. Predicted real time data losses occurred during 
S-IC/S-II separation, S-II main engines ignition, and S-II second plane 
separation. However, onboard tape. recorders stored pertinent data during 
these blackout periods and later successfully transmitted the data to ground 
stations. Four unpredicted data dropouts were experienced, all of which 
were of short duration. Three of the data losses pertained to the S-II stage, 
and one affected both the S-IV6 stage and IU stage links for approximately 
3 seconds over Hawaii at 10,375 seconds. 

19.3.1 S-IC Stage Telemetry System 

The S-IC stage telemetry system for AS-503 consisted of six data links and 
all performed very satisfactorily. Data were lost only during S-IC retro 
motor firin 

9 
at approximately 154.4 seconds, and S-II engine ignition at 

approximate y 157.9 seconds for periods of 1.4 and 1.2 seconds, respectively. 
The real time data lost on the AF-1 and AF-2 links were later recovered 
from playback of the onboard tape recorder as planned. Inflight calibrations 
were initiated at 24.6 and 115.8 seconds. Data show that the inflight cal- 
ibrator and multiplexer calibrator performed within specified flight 
requirements. 

The three PAM/FM/FM telemetry links performed well within established flight 
criteria. Noise figures for the multiplexers were well within tolerance 
and the systems' accuracy, linearity and noise figures were very acceptable. 

The single PCM/FM link, AP-1, performed as predicted. System noise was very 
low with no synchronization errors occurring for 99.2 percent of the flight. 
Only during separation and S-II main engine i nition were synchronization 
errors large enough to make the data not 3 usab e. 
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Table 19-6. AS-503 Launch Vehicle Telemetry Lirks 
7 

LINK FREQUENCY FLIGHT PERlaO 
(MHZ) r40DULAT10r4 STAGE (RANGE TIME. SEC) PERFORMANCE SUWARY 

AF-1 240.2 
AF-2 252.4 
AF-3 231.9 
AP-1 244.3 
AS-l 235.0 
AS-2 256.2 

BF-1 241.5 
BF-2 234.0 
BF-3 229.9 
BP-l 248.6 
BS-1 227.2 
85-2 236.2 

CF-1 253.8 
CP-1 258.5 
cs-1 216.3 

DF-1 250.7 
DF-2 245.3 
m-1 259.7 
DP-1 255.1 
DP-IA 2277.5 
DF'-18 2282.5 

PAH/FCl/FH s-IC O-408 Satisfactory 
PAM/FM/FM s-IC O-408 
PAM/FM/FM s-IC O-408 Data Draoouts 

PCM/FM s-IC O-408 Ranae Tile bet) Duratlon (set 
SS/FH s-IC O-408 
SS/FM s-IC O-408 : 154.4 

157.9 ::t 

PAM/FM/FM S-II O-762 Satisfactory 
P4M/FH/FH S-II O-762 
PAM/FM/FM s-11 O-762 [Irta Dromuts 

PCM/FM S-II O-762 Range Time (set) Duration (set 
SS/FM s-11 O-762 
SS/FH S-II O-762 78.5 BP-l only 2.3 

135 BP-l only 3.5 
154 
185 2'-0" 
200 BP-l only 117 

FM/FM S-IVB Flight Duratlon Satisfactory 
PCM/FH S-IVB Flight Duration 
SS/FM S-IVB 0-7C7; 9670-10580 Data DroDouts 

Range Tim! set) Duration (set 

10% (Intermittent) ::: 

FM/FM/FM S-IU Fltght Duration Satisfactory 
PAM/FM/FM S-IU Flight Duration 
SS/FM S-IU O-695 Date Dropouts 

pen/m S-IU Flight Duration Ranae Tim bed Duretlon (set 
PCH/FM S-IU Flight Duration 
PCH/FM S-IU Flight Duration (OF-2 only) 

1 

1 

1 

Data requiring a frequency response between 30 and 3000 hertz are acquired 
and transmitted by single side band telemetry links AS-1 and AS-2. All 
performance requirements for these links were met. Exceot for the data 
loss at separation and S-II mainstage, data quality was excel 

19.3.2 S-II Stage Telemetry System 

The telemetry system for the S-II stage consisted of six data 
three of which were PAM/FM/FM, two S/FM, and one PCM/FM. Al 

ent. 

links, 
telemetry . . 

links performed exceptionally well throughout the flight. Three short 
data dropouts occurred during the 762 seconds of telemetry operation which 
had not been predicted. Further discussion of these data losses is 
presented in paragraph 19.5. Predictable data dropouts due to SIC retro 
motor firing, at approximately 154 seconds, and S-II second plane separa- 
tion, at about 185 seconds, did occur and lasted for approxdmately 3 
seconds and 2 seconds, respectively. Inflight calibrations of the S-II 
telemetry links were initiated at approximately 126.2, 278.8, 378.8 and 
542.3 seconds. Analyses indicated that all systems operated within 
required specification limits. All Time Division Multiplexen (TM) and 
Inter Range Instrumentation Group (IRIG) calibration levels were within 
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3 percent of required values. Judged by the quality of data received and 
evaluated to assess vehicle flight performance, all 6 telemetry links of 
the S-II stage performed satisfactorily. 

19.3.3 S-IV6 Stage Telemetry System 

The S-IVB stage telemetry system for AS-503 consisted of three data links 
all of which performed satisfactorily. Two data dropouts were exoerienced 
during the flight; the first occurred at S-IC/S-II separation (154 seconds) 
of l-second duration, and the second was a 3-second intermittent dropout 
over Hawaii at 10,375 seconds (see paragraph 19.5.1 for discussion). 
Inflight calibrations were conducted four times and the data revealed a 
possible malfunction in the DPlBO model 270 multiplexer. The abnonality 
consisted in a negative level being produced when the zero level of the 
five step calibration sequence was expected. This condition has not been 
displayed on previous flights and its cause has not yet been identified. 
However, flight data quality were not affected and no data reduction 
difficulties were experienced due to this multiplexer abnormality. 

Performance of the PCM/FM system was excellent except for the minor cali- 
bration difficulty previously discussed. Data reveal that all multiplexers 
were properly synchronized. 

Performance of the FM system was excellent. The center and band edge 
frequencies of all voltage controlled oscillators remained well within 
their specified tolerances. 

Analysis of data taken from the single side band telemetry link verified 
its oroper operation. The model 245 mu1 tiplexer properly sampled the 
measurements assigned to the subchannels and the 1700 hertz calibration 
signal was within the tolerance limits. The system was commanded ON prior 
to launch and OFF at 707 seconds for S-IVB first burn. It was turned ON 
for second burn at 9670 seconds and OFF at 10,580 seconds. 

19.3.4 S-IU Stage Telemetry System 

The S-IU stage telemetry system consisted of six data links. Evaluations 
of received data indicate that the FM/FM/FM and PAM/FM/FM telemetry links 
performed satisfactorily, had very little system noise and produced high 
quality information. Only two data dropouts occurred; the first 
occurred at S-IC/S-?I separation (154 seconds) of 1.1 second duration, 
and the second was a 3-second intermittent dropout of OF-2 at 10,375 
seconds over Hawaii (see paragraph 19.5.1 for discussion). 

Two of the 3 PCM/FM links performed nominally. There were insufficient 
data to evaluate DP-1A. All received data were of good quality. Very 
little loss of synchronization was seen or reported. No redundant UHF 
data fl,om DP-'IA were available for comparison with the CCS PCM data. 
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The oerformance of the one %/FM link was satisfactory. The reflected power 
for this link was above the specification of 9 percent of the forward power. 
However, this power level was also out of specification prior to launch. 
This discrepancy is thought to be a measurement problem. 

19.4 AIRBORNE TAPE RECORDERS 

Airborne tape recorders were installed on the S-!C, S-II and S-IU stages 
of the AS-503 launch vehicle to store necessary real time data during 
predicted transmission blackouts. All tape recorders operated as expected. 
Data stored during the predicted S-IC/S-II separation, S-II main enqines 
ignition, and S-II second plane separation blackout periods were success- 
cully transmitted to ground stations with little degradation. 

.4.1 S-IC Stage Recorder 

r-formance of the 2-track tape recorder on the S-IC stage was very 
satisfactory. The recording and playback of telemetry links AF-1 and AF-2 
was accomplished successfully. 

Record and playback commands were initiated on schedule as shown in Table 
19-7. Data was recorded for approximately 129.2 seconds. The duration of 
the airborne timer which initiates playback was 24.9 seconds and was within 
design limits of 24 f 1.5 seconds. Airborne recorder playback amplifier 
gain was within specification limits of +3 db of the corresponding real 
time data. 

19.4.2 S-II Stage Recorders 

There were two tape recorders on the S-II stage to record the BF-1, BF-2, 
and BF-3 PAM/FM telemetry links and the output of the BT-1 time division 
multiplexer durin 

7 
anticipated RF blackout periods (S-IC/S-II and S-II/ 

S-IVB separations . 

The S-II airborne tape recorders and associated hardware perform& 9s 
required during this flight. Table 19-7 sumnarires the S-II tape recorder 
subsystem operation. Operation of the timers used to provide the necessary 
tape recorder sequence after S-II/S-IVB separation was satisfactory. 
Calibration accuracy df the BT-1 multiplexer recorder on track 2 of the 
No. 2 tape recorder was reviewed and determined to be within 3 percent of 
the desired nominal calibration levels. 

19.4.3 S-IU Stage Recorder 

The AS-503 Instrument Unit (IU) had one magnetic tape recorder which 
recorded the outputs of links OF1 and DF2 during retro firings to insure 
that no data were lost. Two record periods were programned during the 
mission. A surmiary of tape recorder operation is given in Table 19-7. 
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Table 19-7. Tape Recorder Sumnary 

RECORDER LINK RECORD TIME PLAYBACK TIME 

RECORDED (RANGE TIME) (RANGE TIME) 

START I STOP START 1 STOP 

LAUNCH PHASE 

S-IC Recorder AF-l,AF-2 50.2 179.5 179.5 309.3 

S-II Recorder BF-l,BF-2 74.6 165.7 547.3 700.0 
No. 1 486.3 547.3 

S-II Recorder BF-3,BT-1 74.6 165.7 547.3 699.6 
No. 2 486.3 547.3 

S-IU Recorder DF-l,DF-2 124.4 165.5 696.4 767.2 
486.1 538.4 

The switch selector program did not allow enough time for playback. There 
were 93.4 seconds of data recorded and only 70.8 seconds allowed for play- 
back. However, all the data lost due to retro firings were played back. 

19.5 RF SYSTEMS EVALUATION 

The launch vehicle RF systems provide telemetry, tracking, command system 
and television transmission and reception. Not all of the data required 
to perform a detailed RF analysis were available for this evaluation. 
Based on available data, the overall performance of launch vehicle RF 
systems was satisfactory and measured flight data, with few exceptions, 
agreed favorably with expected trends. Telemetry propagaticn was qood, 
as was tracking performance. Preliminary data indicate that the Comnand 
and Communications System (CCS) perfomanie was satisfactory. Insufficient 
data were received to evaluate the video RF propagation, however, video 
tape quality indicates that signal levels were adequate. 

Final loss of VHF telemetry signals was at approximately 29,230 seconds 
(8:07:10) at Guaymas (GY'I~, loss of CCS signals at approximately 44,357 
seconds (12:19:17) at GYM and C-Band radar siqnals at approximately 21,325 
seconds (5:5~:25) at Grand Turk Island (GTI). Other stations viewinq the 
vehicle during these time periods lost signal at earlier times. 
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19.5.1 Telemetry Systems RF Propagation Evaluation 

The RF propagation of all 19 VHF telemetry links was excellent. The systems 
performance with the few exceptions noted agreed with predicted data. 
?ross main engine effects, causing 18-20 db attenuation were observed 
between 110 and 150 seconds at Cape Telemetry 4 (TEL 4) and Central 
Instrumentation Facility (CI'). Main engine effects were not noted at 
Grand Bahama Island (GBI). 

The Z-second period of RF signal dropout which occurred shortly after 
Inboard Engine Cutoff (IECO) for the AS-501 and AS-502 flights did not 
recur on AS-503 probably due to the earlier IECO on AS-503, with the result 
that the flow separation field did not reach the S-IC antennas as on previous 
flights. 

Staging effects at approximately 154 seconds were as expected with all 
telemetry links dropping to threshold, resu‘lting in VHF telemetry data loss 
to all sites except for that which could be :*ecovered by tape recorder 
playback. The S-IC stage blackout period was approximately 1.4 seconds 
duration, S-II approximately 2.8 seconds duration, S-IVB approximately 
1.0 second duration, and IU approximately 1.1 seconds duration. 

S-II stage ignition effects on the VHF telemetry system were observed at 
158 seconds. The S-IC VHF telemetry signal strength dropped to threshold 
resulting in 1.2 seconds of data loss. The upper stages experienced 20 
to 25 db drop during this period; however, signal levels remained 
sufficiently high to transmit usable data. The AF-1, AF-2, and AF-3 links 
continued to experience short periods of low RF signal level due to a 
partial antenna breakdown occasioned by the S-II engine flame effects until 
approximately 167 seconds at which time the antennas recovered. These short 
neriods of low RF signal strength did not cause any loss of data since 
recovery occurred prior to S-IC tape recorder playback. 

S-II telemetry signal strpmqth level at TEL 4, CIF, and Bermuda (BDA) 
dropped to threshold at approximately 185 seconds during S-II second plane 
separation resulting in approximately 2 seconds of data dropout. The S-IVB 
stage and the IU experienced a 20 to 22 db drop in signal level at this 
time. These effects were not noted at GBI during this period. Antenna 
recovery of 15 db occurred at 187 seconds. 

The S-II stage telemetry experienced 3 additional dropout periods on the 
BP-l link which were not expected: at 78.5 seconds for approximately 2.3 
seconds duration, at 135 seconds for approximately 3.5 seconds duration, 
and at 200 seconds for approximately 1.7 seconds duration. High resolution 
signal strength data indicated that a number of momentary RF transients 
were experienced during these time periods. These phenomena were noted 
on the BP-l link only, and were observed on signal strength data from all 
sites. The BP-l RF assembly is; of an earlier configuration than that used 
for the other five links. The suspected cause of these transients is 
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intermittent operation of tne BP-1 RF assembly. On AS-504 and subsequent 
vehicles the later configuration will be used on all links; and it is 
expected that this problem will not recur. 

The performance of the S-IVB and IU telemetry systems during orbit, 
Translunar Injection (TLI) burn, and final coast was satisfactory. The 
telemetry signal received at Hawaii (HAW) showed an unexpected drop in 
signal level from 10,370 to 10,380 seconds with a 3-second intermittent 
data dropout dt approximately 10,375 seconds on all S-IV8 telemetry links 
and link DF-2 on the IU telemetry. This intermittent dropout can be 
g~,%ially related to S-IV8 and IU onboard antenna pattern nulls. 

VHF coverage was provided during the final coast phase by BOA, GYM, and 
Corpus Christi (TEX). Final loss of signal (LOS) from these sites, for all 
telemetry links active during this period, as shown in Table 19-8, were 
derived from PLIM sumnaries. 

Table 19-8. Final RF LOS, VHF Telemetry 

STATION RANGE TIME RANGE TIME 
(SECONDS) (HRS:MIN:SEC) 

_-- 

BDA 21,614 6:00:14 

GvM 29,230 8:07:10 

TEX 26,490 7:21:30 
. 

The times to which usable data were acquired for all VHF telemetry links 
active during the final coast phase are shown in Table 19-9. 

Table 19-9. Last Usable VHF Telemetry Data 

j TELEMETRY LINK 

CF-1 

CP-1 

DF-1 

DF-2 

DF-3 

STATION R4NGE TIME 
(SECONDS) 

GYM, TEX c 15,660 

GYM, TEX 15,660 

GYM 13,640 

GYM 12,980 

GYM 12,600 

RANGE TIME 
(HRS:MIN:SEC) 

4:21:00 

4:21:00 

3:47:20 

3:36:20 

3:30:00 

During the time period between last usable data and final LOS, data were so 
degraded that in effect only the RF carriers were tracked. 
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A summary of telemetry coverage showing acquisition of signal (A&) and 
LOS is presented in Table 19-10. 

19.5.2 Tracking Systems RF Propagation Evaluation 

Sufficient data were not received to provide a complete assessment of the 
ODOP and C-Band tracking sys terns. Based upon the limited data available, 
however, RF performance of these systems appears to have been satisfactory. 

19.5.2.1 ODop. The Offset Doppler (ODOP) transponder was carried on the 
S-IC stage of the vehicle; therefore, ODOP tracking was limited to the 
flight of first stage onl' . Signal strength data for the ODOP ground 
stations were not availa' le for analysis, so evaluation was limited to 
performance as indicate 
station. 

by the onboard data from the MARGO interrogating 

S-IC main engine flame attenuation on the ODOP transponder uplink signal 
strength seen onboard occurred from 80 seconds to S-IC/S-II separation, 
Valid PCM data used for evaluating the ODOP imnediately after IECO were 
available for the first time on this flight permitting evaluation during 
this time period. Signal strength to the ODOP transponder dropped 
approximately 40 db imnediately after.IECO and remained low for 2.9 seconds. 
Static phase error was abnormal indicating that the transponder lost phase 
lock during this period; however, the ODOP phase lock measurement did not 
confirm this. Phase lock between the ground interrogating station and 
transponder was lost at S-IC/S-II separation due to the staging blackout 
but was recovered shortly thereafter at approximately 159.8 seconds. 

19.5.2.2 C-Band Radar, Insufficient data were received to compile a 
comprehensive analysis of the C-Bond radar system throughout the mission 
in time for this report, Available data, however, indicate that the C-Band 
radar functioned satisfactorily during flight although several ground 
stations experienced tracking problems because of antenna nulls, main 
engine flame attenuation, and malfunctions of ground equipment. 

Two data dropouts were reported at 60 to 84 seconds and 135 to 153 seconds by 
station operators at the Patrick Air Force Base (PAFB) and MILA radar 
stations, respectively. The PAFB dropout (60 to 84 seconds) was caused 
by a balance point shift (sudden drop in signal or distorted beacon return) 
which produced antenna pointing errors. The MILA dropout (135 to 153 
seconds) was caused by a series of balance point shifts and flame attenua*- 
tion. Automatic track was reacquired by MILA skin tracking for 10 seconds 
before switching back to automatic beacon tracking at 163 seconds. At 300 
seconds MILA switched from beacon to skin track due to a weak beacon return 
signal and remained on skin track through the remainder of the pass. Cape 
Kennedy Air Force Site (CKAFS) also switched to skin track at 252 seconds 
because of a weak beacon return signal and remained on skin track until the 
ground transmitter was turned off. The GBI radar station reported modula- 
tion of 30 to 50 percent on the beacon re.turns. The cause of the modulation 
has not been determined due to unavailability of signal strength data, 
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. The California (CAL) radar station tracked on a side lobe for the first 
27 seconds during the first revolution. The main lobe signal was then 
acquired and good signal was received for the remainder of the pass. 
Recorded data from CAL during the first pass was from 5358 to 5577 seconds. 
Four data dropouts were recorded by CAL during the final coast chase 
occurring at 11 687 to 11,706 seconds (3:14:47 to 3:15:06), 13 110 to 
14,297 seconds (3:38:30 to 3:58:17), 16,992 to 17,016 seconds {4:43:12 to 
4:43:36), and 17,050 to 17,101 seconds (4:44:10 to 4:45:01). The cause 
of these dropouts, as verified by telecon with the ground station, was 
site oriented. Final loss of signal for the C-Band radar was reported 
from GTI as occurring at 21,325 seconds (5:55:25). 

A summary of C-Band tracking coverage showing AOS and LOS Is presented 
in Table 19-11. 

19.5.2.3 CCS Trackinq. There is no mandatory tracking requirement of 
the CCS; however, the CCS transponder has turnaround ran ing capabilities 
and provides a backup to the Conwiand and Service Module 1 CSM) transponder 
used for tracking in case of failure or desire for a cross check. Ranging 
data for AS-503 were provided by MILA, Vanguard (VAN), HAW, and GYM. All 
ranging data, with the minor exceptions discussed below, looked good and 
did net affect other CCS functions indicating satisfactory performance 
of the system. 

Both MILA and VAN lost lock during the RF blackout period experienced 
from 155 to 161 seconds due to S-IC/S-II staging. 

During the second revolution, range modulation was turned on and off 3 
times at VAN because of problems experienced due to lock on to a spurious 
signal from the CCS transponder. 

During the S-IVB second burn period, HAW experienced no problems. During 
the translunar coast period there were several Intervals of special test 
pattern commands at GYM when ranging data were not available. There were 
no problems experienced uhtll 21,293 to 21,361 seconds (5:54:53 to 5:56:01) 
during which period down link was lost. The system was on low gain antenna 
at that time and the lock angles on low gain were poor during this period. 
No further ranqlng data were obtained after this tlme. 

19.5.3 C&and Systems RF Evaluation 

The As-533 Command Systems consisted of the SectIre Range Safety Command 
System (SRSCS) and the CCS. All indlcatlona were that these systems 
performed,satisfactorlly. 

19.5.3.1 Secure Ranqe Safetv Command System. VHF telemetry measurements 
recejved by the ground statlons from the S-IC, S-II and S-IV8 stages 
Indicated that the SRSCS RF subsystems functloned properly. Canaveral 
(CNV) and BDA were the only connnand statlons used for this flight. 
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CNV used an omni antenna until approximately 116.3 seconds when a switch 
was made to a high power helical antenna. A signal loss for approximately 
0.5 second on the S-IC, S-II and S-IV8 receivers occurred at this time 
due to the mechanical switching arrangements. This dropout is normal 
during this period. At approximately 136 seconds a data spike was observed 
on the S-IVB Range Safety System No. 2 low level signal strength. Review 
of data indicates a loss of data synchronizatton during this period. At 
S-IVB first burn engine start and cutoff, the Range Safety System No. 2 
low level signal strength exhibited level perturbations of approximately 
0.18 volt and 0.1 volt maximum, respectively. This is believed to be due 
to S-II retro motor firing at engine start and S-IVB ullage motor firing 
after cutoff. Handover from CNV to BDA occurred at 409 seconds. Evalua- 
tion of the SRSCS is discussed in paragraph 14.2. 

19.5.3.2 Command and Communications Svstem. Preliminary assessment based 
on the limited data available for this report indicate that there were no 
onboard equipment malfunctions. 

Downlink dropouts occurred at MILA from 155 to 161 seconds, 163.5 to 176 
seconds, 186 to 191.5 seconds, and 300 to 332 seconds. The first dropout 
was due to S-IC/S-II staging, the second dropout was probably the result 
of faulty acquisition procedures, and the third dropout was caused by 
signal interference during the time the S-II interstage was passing through 
the S-II stage flame after second plane separation. 

The last dropout occurred during l#.ndover from MILA to BDA, This dropout 
was longer than is normally experienced during handover periods; however, 
the cause of this dropout cannot be determlned at this time since data 
received from MILA are Incomplete and no data have been received from BDA. 

Acquisition problems apparently occurred at VAN during launch phase. An 
uplink dropout from 630.5 to 634 seconds indicates that handover to VAN 
occurred at this time. The excl ter sweep voltage was ON at VAN from 
63i to 641 seconds, and downlink phase lock Was established at 634.5 
seconds; however, the continued exciter sweep after acquisition caused 
large static phase errors and phase lock was lost at 643 seconds when 
range modulation was turned on. The exciter sweep voltage was ON again 
from 646 to 661.5 seconds, and down link phase lock reestabllshed at 647.5 
seconds. Another downlink phase lock dropout occurred at VAN from 680 to 
684.5 seconds, the reason for which is unknown at this time. 

During the second revolution VAN experienced additional problems due to 
lock on to a spurious signal from the CCS transponder. 

Sufficient data have not been received to make any additional assessment 
of the CCS performance durlng the launch and orbital flight phases. 

Performance during the TLI burn, and final coast phase was satisfactory. 
Slgnal transmission to GYM was lost at approximately 44,357 seconds 
(12:19:17) and to TEX approximately 600 seconds earlier, at which time 



the CCS lost lock. These were the only stations trackin the CCS during 
this period' UHF telemetry link DP-IS, which Is in para lel with links ? 
DP-1 and DP-IA, is transmitted through the CCS transponder and provided 
good dnta until 39,990 seconds (11:06:30). The data indicated that the 
IU batteries were decaying at this time. Projection of the decay rate 
indicated that the batteries would be depleted sufficiently at approximately 
44,0W seconds (12:13:20) to materially affect the performance of the CCS 
transponder. There were no data received for unified S-Band (USB) telemetry 
li?k DP-IA to enable evaluation of the USB. 

Approximately 20 minutes after TLI a programmed switch of antennas from OMNI 
to low gain was observed in the TEX and GYM data. This switch was recom- 
mended to maintain acceptable signal transmission during the final coast 
phase. Additional signal level changes were observed at these sites and 
fluctuations agree in time with antenna switching commands reported 
varbally as having been sent from GYM. These commands are listed in Table 
14-1, Section 14 which discusses performance of the CCS. Ground Station 
Command HisZories have not yet been received to confirm these commands. 

A summary of CCS coverage showing AOS and LOS is presented in Table 19-12. 

19.5.4 Television Propagation Evaluation 

Ground signal strength data of the television station w?re not available in 
time for this report to permit evaluation of the teleiision RF propagation. 
However, vcdeo tane data quality indicated satisfactory signal strength 
during S-IC powered flight. 

19.6 OPTICAL INSTRUMEMTATION 

19.6.1 Onboard cameras 

There was a total of four recoverable film camera capsules carried onboard 
the AS-503 vehicle, all on the S-IC stage. Two camera capsules were 
located on tt:e S-IC forward interstage at positions I and III looking 
forward to dew S-IC/S-II first plane separation and S-II engine start. 
The two remaftiing camera capsules were mounted on top of the S-IC stage 
LOX tank at positions II and IV, and contained pulse cameras which vlewed 
aft into the LOX tank through fiber optics bundles. 

There were also two television cameras located in the S-IC base region to 
view oropulslon and control system components. 

Only one camera 
recovered. It 
ejected. Radlo 
mlnutes before 
The capsule was 
58 mlnutes west 
recovered capsu 1 

capsule, the LOX camera located at positlon II, was 
s not known whether the other three camera capsules wel+e 
acquisition of the recovered capsule was about 2 to 3 
mpact at about 15 to 20 miles from the recovery helicopter. 
retrieved at 30 degrees 13 minutes north latitude, 73 degrees 
longitude at approximately B:l5 AH EST. Inspection of the 
e showed that 3 of the ground planes sheared off and 5 of 

the shroud lines on the drag skirt were broken. 
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Dye marker operation was satisfactory on the recovered capsule. Significant 
quantities of water and dye marker leaked into the camera compartment 
through the electrical connector causing film damage; however, the film 
provided usable data. 

The TV cameras provided good quality data. 

19.6.2 Ground Engineering Cameras 

In general, ground chpzra coverage was good. Eighty one items were received 
from KSC and evaluated. Eight cameras had unusable data due to bad timing, 
five cameras did not pro!ride film due to film jamning, one film had no image, 
and one film was extremely underexposed providin no usable data. As a 
result of the 15 failures listed above, system e 9 ficiency was 81.5 percent. 

19-24 



SECTION 20 

VEHICLE AERODYNAMIC CHARACTERISTICS 

20.1 SUMMARY 

The AS-503 vehicle, as with prior Saturn flights, flew at very 1~ angles- 
of-attack that.did not exceed 2.5 degrees during the period of interest. 
Because of this a reliable stability and fin load analysis could not be 
made. 

The AS-503 average base differential pressure fell within a predicted band 
based on AS-502 data even though AS-503 had a 2-degree outboard engine 
cant and only six valid base pressure measurements whereas AS-502 had eight 
measurements. 

20.2 VEHICLE AXIAL FORCE CHARACTERISTICS 

The vehicle axial force characteristics are shown in Figures 20-l and 20-2. 
Experience with AS-501, AS-502, and AS-503 fllght data has shown that the 
base differential pressure is a function of altitude and Is insmsltlve to 
slight Mach number variations. An average base differential pressure which 
can be used to calculate the base axial force is shown In Figure 20-l. 
This average was calculated using the six valid base pressure measurements 
on the AS-503 vehicle whereas eight pressure measurements were used on 
AS-502. The data for AS-502 and AS-503 show fair agreement. The AS-503 
S-IC engines were canted outboard 2 degrees from 20 seconds throughout 
first stage boost. The small differences that exist are probably a combina- 
tion of outboard engine cant on AS-503 and the number of base measurements 
on each flight. Therefore, the effects of engine cant on AS-503 are not 
readily discernible. The predictions shown are based on AS-502 data. The 
AS-501 data is also shown, but it should be noted that this vehicle flew 
with S-IC base flow deflectors installed. A drop off of the data occurred 
after inboard engine cutoff on each flight. , 

The forebody axial force coefficient rsmains a function of Mach number as 
shown in Figure 20-2. The AS-501 coefficient is greater because of the 
base flow deflectorb. These coefficients are predictions brsed on wind 
tunnel data, 

The total aerodynamic axial force is then the sum of the base axial force 
calculated from the base differential pressure and the forebody axial 
force, as calculated from the forebody coefficient. 
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Figure 20-Z. Forebody Axial Force Coefficient 

20.3 VEHICLE STATIC STABILITY 

A reliable evaluation of the static aerodynamic stability characteristics 
of the AS-503 flight was not possible due to the small vehicle angle-of- 
attack and resulting small engine deflections. 

20.4 FIN PRESSURE LOADING 

External static pressures on the S-IC fins were recorded by 16 measurements. 
Each surface of fins B and D had four measurements located in the same 
relative position. 

Comparisons with predictions or with previous flight data would be 
misleading because the vehicles flew different angle-of-attack time 
histories and insufficient low angle-of-attack wind tunnel data are 
available for accurate predictions. The AS-503 flight angle-of-attack 
was well below the lo-degree design angle, hence the f'n differential 
pressures were well below design values. Typical fin pressure dif- 
ferentials are shown in Figure 20-3. 
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SECTION 21 

MASS CHARACTERISTICS 

21.1 SUMMARY 

Postflight analysis indicates that vehicle mass from SCIC stage ignitlon 
through spacecraft separation devlated less than 0.8 percent from pre- 
dieted with the exception of the mass at spacecraft separatlon. Thls 
value was 1.8 percent greater and was due 'i.0 a higher than expected 
S-IV8 LOX residual. Center of gravity and moment of inertia devlatlons 
throughou'. flight were negligible except at the beglnnlng and end of 
flight. ;-he larger deviations at these times were due prlmarily to 
inexact S-IC propellant loading (less LOX, more fuel) and excess S-IVB 
residuals. 

21.2 MASS EVALUATION 

Postflight mass characteristics are compared with the. final predicted 
mass characteristics (R-P&/E-VAW-69-2) which were used in the 
determination of the final operational trajectory (SSR-237/ Memorandum 
Number 5-9600-H-181). 

The postflight mass characteristics were determined from an anal:%ls of 
all available actual and'reconstructed data from S-IC stage ignition 
throu h S-IVB stage/spacecraft separation. Dry weights of the launch 
vehic 9 e were based on actual stage weighfngs and evaluation of the 
weight and balance log books (MSFC Form 998). Propellant loading and 
utilization was evaluated from propulsion system performance reconstruc- 
tlons. Spacecraft data was obtained from the Manned Spacecraft Center 
(MSC). 

Deviations in dry weights of the inert stages and the loaded spacecraft 
were all less than 1.4 percent which is well within the predicted 
3 sigma deviation limits. Major items that contributed to these small 
deviations were as follows: 

a. Actual weight of some vehicle components were slightly different 
from predicted weight. 

b. S-IC stage engine changeout at Kennedy Space Center (KSC). 

C. Removal of S-K/S-II interstage ullage motor fairings. 



d. Deletion of the Atusa transponder and flltcr fro@ the Instrument 
Unit (IU). 

I!. Engineering Change Proposals {ECP) listed below were not 
inctr~rated. 

1. ECP 0219 - Proposed modification to protect engine fnterface 
connectors from excess moisture. 

1 
2. ECP 0252 - Proposed modification to ellminate possible hydraulic 7 

actuator support interference with engine falrings during flight. 1 

3. FCP 0299 - Proposed modification for sealing of S-IC stage i 
structure to prevent equipment damage from precipltatlon. 

4. ECP 0442 - Proposed installation of LOX duct hellurn Injectfon 
system for PO80 suppression. 

During S-IC stage powered flight, mass of the total vehicle was determlned 
to be 0.03 percent hlgher than predicted at Ignition and 0.10 percent 
higher at S-K/S-II separation. These very small deviations are 
attributed to a s15ghtly higher than predicted total vehicle propellant 
loading. The vehicle pitch and yaw zoment of inertlas at llftoff were 
about 4.5 percent hlgher thar exper;ed due primarily to the S-IC fuel 
mass being greater and the LOX MS! being less than predicted. S-IC 
burn phase total vehicle mass is :tlown In Table 21-l and Table 21-2. 

During S-II burn deviations from predicted of vehicle mass, center of 
gravity, and moment of inertia were insignlficant except near the end 
of flight. Vehicle mass and pitch and yaw moment of Inertia were 
0.29 percent and 0.74 percent, respectively, below predicted at S-II/S-NE 
separation. Total vehicle mass for the S-11 burn phase is shown In 
Table 21-3 and Table 21-4, 

The largest deviatlons during the two S-IVB burns occurred at second 
burn engine cutoff and are attributed to excess S-IVB LOX residual. 
The vehicle mass at second cutoff was 0.78 percent higher than 
predicted, longitudinal Center of Gravity (CG) was 0.19 meter (7.61 in.) 
aft of predlcted, and moment of inertia was 2.58 percent (pitch) and 
2.62 percent (yaw) higher than predicted. Total vehtcle mass at S-IVB/ 
spacecraft separation was 2.08 percent greater than predlcted. Tables 
21-5 through 21-8 show total vehicle mass from first S-IVB Ignltlon 
through spacecraft separation. 

A sumnary of mass utiliratlon and loss , actual and predicted, from S-IC t i 
stage ignltlon to spacecraft separation 1s presented in Table 21-9. A 
comparison of actual and predlcted mass, center of gravlty, and nxnnent 
of inertia, is shown in Table 21-10. Figures 21-l through 21-3 present 
the mass, center of gravity, and moment of inertia for each stage burn. 

21-2 
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Table 21-9. Flight Sequence Mass Sumnary 

ACTUAL PREDICTED 

. 2175030. 479512D. 
654. 1441. 65be 1*50* 

4987. 5Db2, 11160. 
471114. 1038628a 471003. 13353e3. 

142. 
9t272. 

221b. 4880. 
43SCb. 96575. 

-40@76. -09237. -35955. -15904. 

1ST FLT-STG nOLDD3W AriY REL 
-M. FaaST ~~_____ 

S-XC %I NSTAGL PROPELLANT 
Z 1C \7 CIIRGF 

Sk IN;RD ESGINE TaDe PROP 
-~JP@&rcr.CrPI.YhFh 

S-II INSULATION PURGE GAS 
s-ll FllosL- - -- 
S-Iv3 FROST 

I5* 2792424. 6134194e 
IQ. 294. -65OC 
13. -195b594. -4315624. 

1ST fL7 STAGE AT S-1C OECOS 
-mr.lW[1 

S-ICIS-II ;rLLACE RKT PRCP 
-~ ~-_~ - .._____- 
lS? FL? STAGE AT SIC/SIX SEP 

-S-It/S-II INTERSTAGE SMALL 

2781694. 61325 
w . -6 

-1957147. -43147 
a 6. m 

-864* -10 
-1dQ. * 

-530 -1 
203. -4 
-90. -2 

LzLaQa -Al& 

LOa -53* -1200 
-0. 

10. -44, Sk 

522829a 18140 !8* 921901. 1811951. 
3A36. m be w 

-32. ‘3m -32. -73. 

5193591 180b377e llO577a 1904b53. 

-653e -1441. -b57* -1ISU. 

2&n-a-L.-rr 
S-II THRUST ButLD;P 

-S&ZrnPtJb= 
s-xc/s-:: uLLASE AKT PROP 

2~19 FLT GGE 92 PC THRUST 
-CJCibicn-E 

S-IC/S-12 INTERSTAGE LARGE 

art@la. 1w 649377. 1422151. 
-423r -935m -*23e -9a5* 

lfl. 2% 10. 4 . 

-299a -6b2. -3c5. -675. 

b44192. 142017Ge 644335e 1420515m 
Anal. -9990. 4UZS. a @pl,C* 

-43?5* -9b4h -4444. -9ICDe 
23. oA72709. -93u 

h .&Jo -p--crrr.rar .lW&- r-a- u*. 46972k 

S-I I TaDa PROPELLANT -214a -474. -210. -b5* 
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Table 21-9. Flight Sequence Mass Sumac (Continued) 

ACTUAL PllLDtCtLD 
HAC~V KG LOM KG LDM 

t-11 STAGE At SEPARATION 
s I&$ IvB WTAGL-DRY 
s~tt/s~M?~ INTESTC PROP 
s XVI If1 fRAM2 . 
S&I ULLAGE ROCKET PROP 

3RD fr.t SiC At 90 PC TMaUSt 
s Iv&u-s 
Sfl"l3 r.i4INStASL PROP 

lcill43* lbl321a 355b51. 
e . m . -135* 

-329S4. -77 . -33b37. -741590 

mscU0.e MS _ WtX!ELLAiiL. m . 2. w l m . 

lrnn3.U AT ST crUL cn* 

S-lva TaDo PROPfLLANt -73e -lb). -54* -12lr 

3aD fLT STC AT ST Cf C3ASt 12S021. tS2237a 1275Slr 2Sl23ba 

a,vemDP03 e * 4G. m . 40* 

S-IV8 ft,L tK VKt-1-l/2 OR8 -9760 -2153. -1C94. -24150 

s-IV8 APS PROPELLAhT 
c r~u 

SllVB 02/tl2 BURNBli 

aa ta -Gm w* 

-b. -lb -6. -lb. 
-- -.-------- 

3kD FL1 SrG AT 2NO SSC 1269b5 l 2799C9e ltS312e 2tS471. 

--lUjlt ‘la I=k lm 279114. -0 
S-rvd 142 xrc START TMUK -1. -4. -1e -40 

9?J.YG.l.a8~ m l -37S. m l m 

JelLC’ 7 CT6 AT 90 DC 1 Qt w 27w 

S-XVB VAINSTAGE PROP -67493. -14079Sa dt291. -14.353. 

saama 9BI29m 129apL 
s-IV3 T&a PROPELLANT -73. -163. 47. -1050 

3RD PLT STC AT END 2RD ToDo 5921la 130539* 587Sl* 1295S9r 
s tVB m PXDW 

s:IV9 APS 

w . 40. B . -4Om 

PRORELLAST -14* -33.. -35. -770 

S/C LESS LEM ASD 3LA 
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SECTION 22 

MISSION OBJECTIVES ACCOMPLISHMENT 

Table 22-l presents the MSFC AS-503 detailed test objectives as defined 
in the Saturn V Mission Implementation Plan, Mission C Prime. An 
assessment of the degree of accomplishment of each objective is shown. 
Discussion supporting the assessment can be found in the indicated 
sections of the Saturn V Launch Vehicle Flight Evaluation Report - 
AS-503, Apollo 8 Mission. 

The nine principal and one secondary detailed test objectives were 
completely accomplished. 
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SECTION 23 

FAILURES, ANOMALIES AND DEVIATIONS 

23.1 SUMMARY 

Evaluation of the launch vehicle performance during the AS-503 flight 
test revealed two areas of concern with a mission criticality category of 
three. Modifications are planned to improve these problem areas on future 
flights. 

23.2 SYSTEM FAILURES AND ANOMALIES 

Since all studies and corrective actions (ECPs) pertinent to these anoma- 
lies are not complete, Table 23-1 represents the action status of each 
item as of the release date of this report. This table complies with 
Apollo Program Directive No. 19. Reference paragraph nunbers are given 
for sections in which the specific problem area is discussed in more 
detail. Table 23-2 defines the criticality categories assigned to the 
failures and anomalies listed in Table 23-l. 

23.3 SYSTEM DEVIATIONS 

Five system deviations occurred without any significant effects on the 
flight or operation of that particular system. Table 23-3 presents these 
deviations with the recommended corrective actions and a reference to the 
paragraphs containing further discussion of the deviation. These devia- 
tions are of no major concern, but are presented in order to complete the 
sumnary of deviations experienced on AS-503. 
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CATEGORY 

1 

Table 23-2. Hardware Criticality Categories 
For Flight Hardware 

DESCRIPTION 

Hardware, failure of which results in loss of life of 
any crew member. This includes nonally passive 
systems such as the Emergency Detection System (EDS), 
Launch Escape System (LES), etc. 

Hardware, failure of which results in abort of missio 
but does not cause loss of life. 

Har&are, failure of which will not result in abort 
of mission nor cause loss of life. 
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Table 23-3. Sumnary of Deviations 

YEHICLE 
SYSTEM 

s-IC 

::r - 
5ys tan 

s-IC 
iydraul- 
ICS 

s-IC 
Yisual 
Instru- 

nenta- 
Lion 

s-IC 
Heat 
Shield 

s-:1 
Propul- 
sion 

S-II 
Data 
system 

DEVIATIONS PllO6ABLE CAUSE 

-- 
Engine No. 5 LOX suction 
duct pressure decayed 
after Inboard Engine 
Cutoff (IECO). 

Leak belou pnvalve of 
2 6 cu. in.ls. Cause or 
location of leak St111 
under investigation. 

Engine No. 3 pitch 
actuator hydraulic 
fluid return wtcera- 
tun was higher than 
expected after 117 sec- 
onds but within aaxi- 
uum specification 
limit. 

Still under 
Investigation 

ii:: of photograohic 
: 

a. Failure to recover 
3 of 4 onboard film 
canwas. (Recovery 
failure unknown). 

b. The camera n- 
covered had film 
damage from sea water 
and dye marking. 
(Filrr dauage - loose 
jam nut on camera 
power unbllical 
connector). 

c. Both LOX tank 
capras and one strobe 
lightstoppedat 
T+79 seconds. 

llnknam 

Loose jam nut on 
cmra paw u&ill- 
cal connector. 

Unknam 

Soma localized Partial 
loss of M-31 at T+70 
to T+gO seconds. 

Still under 
investigation 

Engine No. 5 c/o trans- 
ient appaan abwtwal. 
Thrust chder pressure 
and Ge pressure decay 
durations are longer than 
norma1t05percent 
thrust. 

izJP;z;gl;m 

intermittent during 
Max Q and 1053 
(P/N V212All) was 
intetwittent after PU 
step. 

Under investlgatlon 

Ilpropar connector 

SZ,~X of 
hlgh vibratlon. 

CORRECTIVEACTIOW 
BE1116 CONSIWRED 

None 
anticipated 

None 
mticipated. 

None. Thls 
cyIra system 
Is daleted on 
future vehicles 

Nom - Loss of 
K31uas rppar- 
ently less than 
on As-502. 

None 
8nt1c1pated 

None on As404. 

tE!gt 
flights: 
rnspett1an of 
P-&u~lY 

Conduct of'vorl 
fllotlon tests. 
shlllng of con 
Meton as 
NqUiWd. 
ECP6021 
(Cloted) 

5.6.2 

6.2 

19.6 

9.3.1.3 
7.2 

6.4 

13.3 
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SECTION 24 

SPACECRAFT SUMARY 

Following a nominal boost phase, the spacecraft and S-IVB combination 
was inserted into a parking orbit of 185 kilometers (100 n mi). After 
a post insertion checkout of spacecraft systems, the nominal translunar 
injection maneuver was initiated at 2:50:38 by reignition of the S-IVB 
engine and lasted for 5 minutes 18 seconds. 

The spacecraft separated from the S-IVB at 3:20:59, followed by two 
separation maneuvers using the service module reaction control system. 
The first midcourse correction, made with a velocity change of 7.56 m/s 
(24.8 ft/s), was conducted at ll:OO:OO. The translunar coast phase was 
devoted to navigation sightings, two television transmissions, and var- 
ious systems checks. The second midcourse correction of 0.43 m/s 
(1.4 ft/s) was conducted at 60:59:55. 

The 246.9.second lunar orbit insertion maneuver was performed at 
69:08:20, and the initial lunar orbi' was 312.1 by 111.1 kilometers 
(168.5 by 60.0 n mi). A maneuver to circularize the orbit was conducted 
at 73:35:07 and resulted in a lunar orbit of 110.6 by 112.4 kilometers 
(59.7 by 60.7 n mi). The coast phase between maneuvers was devoted to 
orbit navigation and ground track determination. A total of ten rev- 
lutions were completed during the 20 hours 11 minutes spent in lunar 
orbit. 

The lunar orbit coast phase involved numerous landing site/landmark 
sightings, lunar photography, and preparation for transearth injection. 
The transearth injection maneuver, 204 seconds in duration, was conducted 
at 89:1?:17 using the Service Propulsion System (SPS). 

When possible during both the translunar and transearth coast phases, 
passive thermal control maneuvers of about one revolution per hour were 
effected to maintain temperatures within nominal limits. The transearth 
coast period involved a nunber of star/horizon navigation sightings usin 
both the earth and moon horizons. The only transearth midcourse correc- 
tion was a 1.5 m/s (4.8 ft/s) maneuver made at 103:59:54. 

Command module/service module separation was at 146:28:48, and the 
command module reached the entry interface of 122 kilometers (400,000 ft) 
altitude at 146:46:14. Following nonnal deployRlcnt of all parachutes 
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the spacecraft landed in the Pacific Ocean at 8 degrees 8 minutes north 
latitude and 165 degrees 2 minutes wes t longitude, as determined by the 
primary recovery ship USS Yorktown. The total flight duration was 147 
hours 42 seconds. 

Almost without exception, spacecraft systems operated as intended. All 
temperatures varied in a predictable manner within acceptable limits, and 
consumables usage was always maintained at safe levels. Comunications 
quality was exceptionally good, and live television was transmitted on 
six occasions. The crew satisfactorily performed all flight plan 
functZons and achieved all photographic objectives. 
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APPENDIX A 

ATMOSPHERE 

A.1 SUMMARY 

This appendix presents a surimary of the atmospheric environment at launch 
time of the AS-503. The format of these data is similar to that oresented 
in previous launches of Saturn vehicles to permit comparisons. Surface 
and upper winds and thermodynamic data near the launch time are given. 

A.2 GENERAL ATMOSPHERIC COhlDITIO’G AT LAUNCH TIME 

A cold front passed through the launch area the afternoon before launch 
and became a stationary front about launch time, laying through the Miami 
area. Surface winds were from the north. 

A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 

At launch time, the only cloudiness was 4/10 cirrus of unknown height. 
Table A-l summarizes the surface observations at launch time. The solar 
radiation data is given in Table A-2. 

A.4 UPPER AIR MEASUREMENTS 

Data was used from four of the uoper air wind systems to compile the 
final meteorological tape. Table A-3 summarizes the data systems used. 

A.4.1 Wind Speed 

Wind speed increased with altitude, reaching a sDeed of 34.8 m/s (67.6 knots) 
at 15.2 kilometers (49,900 ft . 

1 
There was a second peak in the wind speed 

curve of 46.0 m/s (89.4 knots at 33.0 kilometers (108,300 ft). See Fig- 
ure A-l for more information of the wind speeds. 

A.4.2 Wind Direction 

The surface wind was from the north, but changed to westerly about 1.5 kilo- 
meters (4,900 ft). Above 1.5 kilometers (4,900 ft) winds remained generally 
from the west as shown in Figure A-2. 
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A.4.3 Pitch Wind Component 

The pitch wind speed component was very close to the bias wind used for 
the vehicle (50-percentile wind). The maxIlllcl~l pitch wind speed compon- 
ent was a tail wind comoonent of 31.2 m/s (60.6 knots) at 15.1 kilometers 
(49,500 ft). See Figure A-3. 

A.4.4 Yaw Wind Component 

The yaw wind speed component increased with altitude to a maximum value 
from the left of 22.6 m/s (43.9 knots) at 15.8 kilometers (51,800 ft). 
Set: Figure A-4. 

A.4.5 Component Wind Shears 

Component wind shears (Ah = 1000 m) were of low magnitude at all altitudes. 
The largest wind shear was a yaw shear of 0.0157 s-l at 15.8 kilometers 
(51,800 ft). See F'gure A-5. 

A.4.6 Extreme Wind Data in the High Dynamic Pressure Region 

A sumnary of the maximum wind speeds, wind components, and shears are 
given in Tables A-4, A-5, and Ah6; A-7, A-8, and A-9. 

A.5 THERMODYNAMIC DATA 

Comparisons of the thermodynamic data taken at AS-503 launch tillle with the 
Patrick Reference Atmosphere (PRA) (1963) for temperature, density, pres- 
sure, and Optical Index of Refraction (OIR) are shown in Figures A-6 and 
A-7, and discussed in the following paragraphs. 

A-5.1 Temperature 

Above 11 kilometers (36,100 ft), temperatures were lower than the PRA 
temperatures reaching a maximum deviation of -5.3 percent (-ll.OOK) at 
18.5 kilometers (60,700 ft). This was an actual air teqerature of 
-77.6OC at this altitude. 

A. 5.2 A-spheric Pressure 

There were little deviations (less than 1 percent) of the a-spheric 
pressure from the PRA pressures below 15 kilometers (49,200 ft). Above 
15 kilometers (49,200 ft), atmospheric pressures were less than the PRA 
pressures reaching a maximum deviation of -6.8 percent at 34.25 kilometers 
(112,400 ft). 

A.5.3 Atmospheric Density 

Atmospheric density deviations were small, being less than 5 percent 
deviations from the PRA. 
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A.5.4 Optical Index ,of Refraction 

At the surface, the OIR was 5.02 (n-l) x 10-6 units higher than the corre- 
sponding value of the PRA. The deviation decreased with altitude becoming 
less than 1 (n-l) ,: 10-6 at 4 kilometers (13, 100 ft). 

A.6 COMPARISON @F SELECTED ATMOSPHERIC DATA FOR ALL SATURN LAUNCHES 

Tables A-10, A-11, and A-12 show a sumnary of t&a-spheric data for 
each Saturn launch. 

Table A-l. Surface Observations at AS-503 Launch Time 

I LOCATIOW 

Kennedy Space Ccn- 
ter. Strtlon 0. 
Florid4 

I Untnaun 

Cape Kennedy Raw- 10 
inscnda rbasun- 
mb 

l Above Waturrl (ire& 

1 

SPEED 

C&I 
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Table A-2. Solar Radiation at AS-503 Launch Time Launch Pad 39A 

DtTE HOUR ENDI:JG 
EST 

12/20/68 0800 
0900 
100" 
110:' 

1600 
1700 
1800 

12/21/68 :98:: 

TOTAL 
HORIZO:JTAL 
g-cal /cm2 

(MIN) 
0.04 
0.16 
0.30 
0.45 
0.30 
0.30 
0.54 
0.63 
0.42 
0.16 
0.03 

0.06 
0.23 

NOFIMAL 
IX1 DENT D1 SFE 

0.0s 0.04 
0.16 

0.0: 0.30 
0.45 
0.30 

0" 3.30 
0.14 0.46 
0.40 0.46 
0.24 0.36 
0.09 0.15 

0 0.03 

0.2c 0.03 
0.65 0.02 

Table A-3. Systems Used to Measure Upper Air Wind Data 

RELEASE TIME 
PORTION OF DATA USED 

START END 
TYPE OF DATA TIME 

TIME AFTER 
(UT) ALTITUDE TIME 

AFTER 

Rawinsonde 1301 10 16,750 
(54,900) 

Arcasonde 1515 144 51,250 
(168,100) 1 

Viper Dart 1807 316 89,750 
(294,400) 

.  
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Table A-4. Maximum Wind Speed in High Dynamic Pressure Region 
for Saturn 1 through Saturn 10 Vehicles 

I MAXIMUM WIND COnPONENTS 

PITCH (W,) 

~ &S) 

ALT 
km 

I 

YAi,;wz 1 

(W (KNOTS) 

AIT 
km 
tft) 

36.8 
(71.5) 

31.8 
(61.8) 

30.7 
(59.7) 

46.2 
(89.8) 

41.1 
(79.9) 

-14.8 
(-28.8) 

-11.1 
(-21.6) 

27.5 
(53.5) 

12.0 
(23.3) 

12.9 
(25.1) 

13.00 
(42,600) 

13.50 
(44.300) 

13.75 
(45.100) 

13.00 
(42.600) 

10.75 
(35,300) 

12.50 
(41,000) 

12.75 
(41.800) 

10.75 
(35,300) 

11.00 
(X6,100) 

14.75 
(48.400) 

-29.2 
(-55.8) 

-13.3 
(-25.9) 

11.2 
(21.8) 

-23.4 
(-45.5) 

-11.5 
(-22.4) 

12.2 
(23.7) 

14.8 
(28.8) 

23.6 
(45.9) 

14.6 
(28.4) 

10.8 
(21.0) 

12.25 
(40.200) 

12.25 
40,200) 

12.00 
(39,400) 

13.00 
(42,600) 

11.25 
{36,9oc) 

17.00 
(55.800) 

12.00 
(39,400) 

13.25 
(43,SW) 

15.25 
(so,OW) 

15.45 
(50.730) 
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Table A-5. Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 201 through Apollo/Saturn 205 Vehicles 

1 

] 

MAXIMUM WIND MAXIM YIND COHF'WEIYTS 
VEHICLE - -- 

NUMBER SPEED ALT ALT 
m/s 

DIR 

Ft, 

PITCH (Id,) 

(DEG) m/s km 
(KNOTS) 

yAP -; 
(KNOTS) (W (KnorS, I% 

AS-201 70.0 250 13.75 57.3 13.75 -43.3 13.25 
(136.1) (45,100) (111.4) (45.100) (-84.2) (43,500) 

AS-203 18.0 312 13.00 11.1 12.50 16.6 13.25 
(35.0) (42.600) (21.6) (4l.ooo) (32.3) (43,500) 

AS-202 16.0 231 12.00 10.7 12.50 -15.4 10.25 
(31.1) (39.400) (20.8) (41,000) (-29.9) (33.600) 

AS-204 35.0 288 12.00 32.7 15.25 
(68.0) (39,400) (63.6) (50.000) (4% (391% 

AS-205 15.6 309 14.60 15.8 12.08 15.7 15.78 
(M.3) (44.500) (30.7) (MDsoa) (30.5) (47,500) 

Table A-b. Maximum Wind Speed in High Dynamic Pressure Region for 
Apoll o/Saturn 501 through Apollo/Saturn 503 Vehicles 

MAXIMUM WIND IIAXIHIM YIN0 CWONENTS 
VEHICLE 
NUMBER SPEED DIR ALT PITCH (W,) ALT yA$Uz 1 ALT 

m/s 
(KNOTS) (OEG) ("f"t, WiYik 

kn 
(W (KnoTSI :t) 

AS-501 26.0 273 11.50 24.3 11.50 12.9 
(50.5) (37,700) (47.2) (37.700) (25.1) (29,g$ 

AS-502 27.1 255 12.00 27.1 12.00 12.9 15.75 
(52.7) (42,600) (52.7) (ama (25.1) (51.700) 

AS-503 (6% 284 15.22 31.2 15.10 22.6 15.80 
I49.900, (60.6) (49.soo) (43.9) (51,m) 
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Table A-7. Extreme Wind Shear Values in the High Dynamic Pressure 
Region for Saturn 1 through Saturn 10 Vehicles 

(Ah = 1000 m) 

PITCH PLANE YAW PLANE 

VEHICLE 
NUMBER 

, 

SHEAR 
4LI'ITUDE ALTITUDE 

(SEC-l) 
(:';, 

SHEAR 
(SEC-l) 

(2, 

SA-1 0.0145 14.75 0.0168 16.30 
(48,400) (52,500) 

SA-2 0.0144 15.00 0.0083 16.00 
(49,200) (52,500) 

SA-3 0.0105 13.75 0.0157 13.25 
(4SJOO) (43,500) 

SA-4 0.0155 13.00 0.0144 11.09 
(42,600) (36,100) 

SA-5 0.0162 17.00 0.0086 '0.00 

I 
(55,800) (32,800) 

SA-6 0.0121 12.25 0.0113 12.50 
(40,200) (Gl,OOO) 

SA-7 0.0078 14.25 0.0068 11.25 
(46,800) (36,900) 

SA-9 0.0096 10.50 0.0184 10.75 
(34,500) (35,300) 

SA-8 0.0065 10.00 0.0073 17.00 
(32,800) (55,800) 

SA-10 0.0130 14.75 0.0090 15.00 
(48,400) (49,200) 
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Table 1-8. Extreme Wind Shear Values in the High Dynamic Pressure 
Region for Apollo/Saturn 201 through Apol?o.&aturn 205 Vehicles 

(Ah = 1060 m) 

PITCH PLANE YAW PLANE 

VEHICLE 
NUMBER 

SHEAR 
ALTITUDE 

SHEAR ALTITUDE 

(SEC-l) 
(X, 

(SEC-l) 
(E, 

AS-201 0.0206 16.00 0.0205 12.00 
(52,500) (39,400) 

AS-203 0.0104 14.75 0.0079 14.25 
(48,400) (46,800) 

AS-202 0.3083 13.50 0.0054 13.25 

I 
(44,300) (43,500) 

AS-204 0.0118 16.75; 0.0116 14.00 
(55,000) (45,900) 

AS-205 0.0113 15.78 0.0085 15.25 
(48,100) (46,500) 

Table A-9. Extreme Wind Shear Values in the High Dynamic Pressure Region 
for Aoollo/Saturn 501 through Apollo/Saturn 503 Vehicles 

(Ah = 1000 m) 

PITCH PLANE YAW PLANE 

EHICLE 
UMBER 

SHEAR 
ALTITUDE 

SHEAP 6 ALTITUDE 

(SEC-l) ' km C' 
(ft) ( "- ') (2) 

AS-501 0.0066 10.00 0.0067 10.00 
(32,800) (32,800) 

AS-502 0.0125 14.90 0.0084 13.28 
(48,900) (43.50) 

AS-503 0.0103 16.00 0.0157 15.78 
(52,508) (51.800) 
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APPENDIX 6 

AS-503 VEHICLE DESCRIPTION 

8.1 SUMMARY 

AS-503, third flight of tne Saturn V series, was the first to test a lnnned 
Saturn V Apollo space vehicle. The vehicle consists of five ma&r units. 
From bottom to top they are: ScIC stage, S-II stage, S-IV8 stage, 
Instrument Unit (!U), and the Spacecraft. The Saturn V Apollo vehicle 
is approximately 110.6 meters (363 ft) in length. See Figure B-1 for 
a pictorial description of the vehicle. 

B.? S-IC STAGE 

8.2.1 S-IC Configuration 

The S-IC stage, as sholrn in Figure B-2, is a cylindrical structure 
designed to provid, 0 the initial boost for the Saturn V Apollo vehicle. 
This booster is 42.1 meters (138 ft) long and has a diameter of 10.1 
meters (33 ft). The basic structures of the S-16 are the thrust 
structure, fuel (RP-1) tank, intertank section, LOX tank, and the forward 
skirt. Attached to the thrust structure are the five F-1 engines which 
produce a combined nominal sea level thrust of 33,850,000 Newtons 
(7,610,OOO lbf). Four of these engines are spaced equidistantly about 
a 9.243 meters (30.33 ft) diameter circle. The four outboard engines 
are attached so they have a gimbaling capability. Each outboard engine 
can move in a 5 degree, 9 minute square pattern to provide pitch, yaw, 
and roll control. The fifth engine is fixed mounted at the stage center- 
line. In addition to supporting the engines, the thrust structure also 
provides support for the base heat shield, engine accessories, engine 
fairings and fins, propellant lines, retro motors, and environnxznta? 
control ducts. The intertank structure provides structural corctinuity 
between the LOX and fuel tanks, which provide propellant storage; and 
the forward skirt provides structural continuity with the S-II stage. 

Propellants are supplied to the engine turbopumps by 15 suction ducts: 
5 from the LOX tank, and 10 from the fue? tank. The fuel tank is a 
senrimonocoque cylindrical structure closed at each end by an ellipsoidal 
bulkhead. Antislosh ring baffles are located on the inside wall of the 
tank, and an antivortex cruciform baffle is located in the lower bulkhead 
area. The configuration of the LOX tank is basically the S~IW with 
exception of capacity. The LOX tank will provide storage for 1342 m 

fhe 

(47,405 ft3) including ullage. The fuel tank will hold approximately 
827 m3 (29,221 ft3) including ullage. The mixture ratio between LOX and 
RP-1 is approximately 2.27:1 (LOX to RP-1). 
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The LOX and fuel pressurization systems provide and maintain the Net 
Positive Suction Pressure (NPSP) required for the LOX and fuel turbopumps 
durin9 engine start and flight. These systems also provide protection 
from high pressures which might occur in the LOX and fuel tanks. Before 
engine ignition, the LOX and fuel tanks are pressurized from a grou:? 
helium supply. During flight, LOX pressurization is accomplished by 
gaseous oxygen obtained by using F-l engine heat exchangers to convert oxy- 
gen from liquid to gas. The fuel tank is pressurized by gaseous hellu sup- 
plied by helium bottles located in the LOX tank. The LOX and fuel feed sys- 
tems contain LOX and fuel depletion sensors for purposes of outboard engine 
cutoff during flight. The inboard engine was cutoff by an IU signal on AS-503. 

Eight solid propellant retro motors provide separation thrust after S-IC 
burnout. They are located inside the four outboard engine fairings and are 
attached externally to the thrust structure. The S-IC and S-11 stages are 
severed by linear shaped charges, and the retro motors supply the 
necessary acceleration force to provide separation. Each retro motor 
is pinned securely to the vehicle support and pivot support fittings at 
an angle of 7.5 degrees from stage centerline. 

Additional systems on the S-IC include: 

a. The Environmental Control System (ECS) which protects the SCIC stage 
from temperature extremes, excessive humidity, and hazardous gas 
concentrations. 

b. The hydraulic system which distributes power to operrte the engine 
valves and thrust vector control system. 

C. The pneumati c control pressure system which provides a pressurized 
nitrogen supply for ccummnd operations of various pneumatic valves, 
and a purge for TV camera lenses. 

d. The electrical system which distributes and controls the stage 
electrical power-. 

e. The instrumentation system which 
the stage systems and provides s 
S-IC burn. 

f. The film camera system. 

9. The POGO suppression system. Th -.. 

monitors functional operation of 
gnals for vehicle tracking during 

s system provides gaseous helium 
to a cavity in each of the LOX prevalves of the four outboard 
engine suction lines. These gas filled cavities act as a "spring" 
and serve to lower the natural frequency of the feed system and 
thereby prevent coupling between engine thrust oscillations and 
the first longitudinal mode of the vehicle structure. 
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The more significant configuration changes between AS-502 S-IC and 
AS-503 S-IC are shown in Table B-l. 

Table B-l. S-IC Significant Configuration Changes 

SYSTEM 

Propulsion 

CHANGE 

Addition of WGO suppression 
system. 

REAsm 

lo ellmlnate the #)60 
problem rr)llch occurred on 
the AS-502 flight. 

Inboard englne cutoff coamnded To prevent vehicle nuxlmm 
by IU at 125 seconds. AS-502 acceleration from exceeding 
Inboard engine cutoff was by 4.0 g's. 
LOX depletlon at 145 seconds. 

Planned outboard engines cutoff LOX depletion cutoff Is 
by LOX depletion. Fuel depletion the norm1 mode. Fuel 
cutoff was used for AS-502. depletion cutoff was used 

on AS-502 only to demonstrate 
the backup mode. 

Outboard engines canted 2 degrees To reduce the effect of 
outboard at 20 seconds. thrust Itilance In the 

l vmtanoutboard engine 
pramsturely shuts darn. 

Electrical Incorporated revlslons to To ellmlnate 53 crltical 
provide redundancy In crltical single point fallun 
electrical circuitry. modes. 

Instruaentatlon Additional and llnproved To deternine systow per- 
instrmentatlon. fornsnce, to verify ad 

establish cormtlve action 
for WC M-502 fll*t 
anomslies. and to further 
deflnr fli#t envl-t. 

Forward Skirt Hardware changes and addltlonsl lo minlmlze pmbablllty of 
thermal-Insulatlon protection rocumnco of WC AS402 
for control pressure, camra fl1ghtanfm11os during 
ejection and purge, system and 
data componmts vulnerable to 

,sopWrtlon. 

damage dw to tha SIC/S-II 
separation l nvlrorncnt. 



8.3 S-II STAGE 

B.3.1 S-II Configuration 

The S-II stage shown in Figure B-3 provides second stage boost for the 
Saturn V launch vehicle. The S-II stage has a cylindrical structure, 
24.8 meters (81.5 ft) long and 10.1 meters (33 ft) in diameter. 
Propulsive power is provided by five J-2 engines with a combined 
nominai thrust of 5,004,249 Newtons (1,125,OOO lbf) at an oxidizer to fuel 
ratio of 5.5:l. The approximate weight of the stage is 40,098 kilograms 
(88,400) lbm) dry and 469,423 kilograms (1,034,900 lbm) fully loaded. 

The S-II airframe consists of a body shell structure, (forward and aft 
skirt and interstage), a propellant tank structure, and a thrust 
structure. 

Each of the shell structure units are of basically the same construction 
consisting of a semimonocoque cylindrical shell fabricated from 7075 
aluminum alloy material. These units are stiffened by external hat- 
section stringers and internal ring frames. These units provide 
structural continuity between adjacent stages. 

The thrust structure is a semimonoque conical shell which tapers from 
the stage diameter down to a 5.49 meter (18 ft) diameter. It is con- 
structed in the same manner as the skirt section and is fabricated from 
7075 aluminum alloy material. Four pairs of thrust longerons (two at 
each outboard engine location) and a center engine support beam 
distribute the thrust loads of the five J-2 engines. A fiberglas 
honeycomb heat shield, supported from the lower portion of the thrust 
structure, protects the stage base area from excessive temperatures 
during S-II boost. 

Propellants are supplied to the J-2 engines from the LH2 and LOX tanks. G 
The LH2 tank Is a cylindrical shell with the ends closed by a forward 
elliptical bulkhead and an aft reversed elliptical bulkhead. The tank, 
17 meters (56 ft) long and 10.1 meters (33 ft) in diameter, has a 
capacSty of 1069 m3 (37,737 ft3). The tank wall is composed of six 
cylindrical sections which incorporate longitudinal and circumferential 
stiffeners. Wall sections and bulkheads are fabricated from 2014 aluminum " 
alloy joined by fusion welding. The LOX tank is of ellipsoidal shape. 
It has a volume of 361 m3 (12,745 ft3). The tank is 7 meters (22 ft) 
long and 10.1 meters (33 ft) in diameter. The bottom of the fuel tank 
is cOmmon to both tanks and serves as the forward half of the LOX tank. a 
This cormK)n bulkhead is a sandwich structure composed of aluminum facing 1 
sheets and a fiberglass/phenolic honeycomb core. The fore and aft halves 
of the LOX tank are formed from waffle-stiffened gore segments fabricated ' 
from 2014 aluminum alloy. 
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The stage propulsion system consists of five single start J-2 engines 
utilizing LOX and LH2 for propellants. Each engine attains a nominal 
thrust of 1,000,851 Newtons (225,000 lbf) at an oxidizer to fuel ratio of 
5.5:l. The four outboard J-r! engines are mounted with gimbal bearings 
and hydraulic powered actuator rods to provide thrust vector control. 
The fifth engine is mounted on stage centerline and is not gimbaled. 

The J-2 engine is a high performance, high altitude engine employing 
a tubular walled, one-and-a-half pass, regeneratively cooled thrust 
chamber. Propellants are fed through two independently driven turbo- 
pumps. The ratio of fuel to oxidizer is controlled by bypassing LOX 
from the discharge side of the oxidizer turbopump back to the inlet 
side through a Propellant Utilization (PU) valve. 

The propellant tanks are prepressurized from a ground regulated helium 
source prior to liftoff to orovide the turbopump inlet pressure reauired 
for engine start. Prepressuritation is terminated 30 seconds prior to 
liftoff for both tanks. During the engine burn period, the LOX tank is 
pressurized by flowing LOX through the heat exchanger in the oxidizer 
turbine exhaust duct and the LH2 tank is pressurized by GH2 from the 
thrust chamber fuel manifold. Both the LOX and LH2 propellant tanks 
have vent valves for over-pressure protection. 

Inflight separation of the S-IC/S-II stages is accomplished by a dual- 
plane separation system. Both separation events are controlled by the 
flight program stored in the Launch Vehicle Digital Computer (LVDC) 
which is located in the IU stage. First lane separation, occurring 
at vehicle station 39.73 meters (1564 in. , is initiated by an ordnance ! 
train. This train consists of an Explosive Bridge Wire (EBW) firing unit, 
an ;BW detonator, and a linear shaped charge which severs the tension 
plates around the periphery of the stage at the separation plane. Four 
ullage motors on the S-II stage are fired to provide a propellant settling 
force and retro motors on the S-IC stage are fired to provide positive 
separation of the two stages. Second plane separation occurs about 30 
seconds later at vehicle station 44.7 meters (1760 in.) using the same type 
of ordnance train. 

Additional systems on the S-II stage include: 

a. The leak detection and insulation purge system detects hydrogen, 
oxygen, or nitrogen leaking into the LH2 tank insulation or LH2 
feedline elbows and provides a means for purging and diluting 
any leakage into the insulation prior to liftoff. 

b. The Environmental Control System (ECS) provides protection against 
hazardous gas concentrations and also provides temperature control 
in the engine compartment and equipment containers prior to liftoff. 

C. The pneumatic control pressure system provides the actuatin force 
for the prevalves, recirculation valves, and propellant fil 9 and 
drain valves. 
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d. The propellant utilization system is used for propellant management 
during propellant loading operations and S-II boost (flown open-loop 
on AS-503). 

e. The engine actuation system provides engine gimbaling. The actuators, 
which are part of the engine actuation system, receive the gimbaling 
commands from the flight control system in the IU. 

f. The electrical system is used for supplying and distributing electrical 
power to the various systems. 

9. The Emergency Detection System (EDS) supplies engine mainstage thrust 
OK and LH2 ullage pressure signals to the IU and spacecraft, respectively. 

h. The engine preconditioning (recirculation) system which recirculates 
LOX and LH2 and provides LOX helium fnjection prior to S-II engine sta&. 

i. The data system is used for obtaining and transmitting data for stage 
performance evaluations. 

j. The propellant dispersion system is provided for range safety. 

k. The propellant feed system supplies propellants to the engines. 

1. The propellant level monitoring system uses liquid level monitor- 
ing devices to provide propellant depletion cutoff signals to 
the engines and also provides backup propellant loading 
information. 

The recoverable separation camera system, which was used on AS-501 and 
AS-502 to provide visual data for second plane separation, has been 
deleted for AS-503 and subsequent vehicles. 

A structural change between this and previous S-II stages Is the use of 
a "light rJeight" forward bulkhead for the LH2 tank. 

No new systems were added for AS-503. The signfficant S-II stage con- 
f!guration changes within systems are listed in Table B-2. 

8.4 S-IV3 STAGE 

8.4.1 S-IVB Configuration 

The S-IVB stageP as shown in Figure B-4, is a bi-propellant tank structure 
designed to withstand the loads and stresses incurred on the ground and 
during launch, preignition boost, ignition, and all flight phases. The 
S-IVB srage has nominal dimensions of 18.0 meters (59 ft) in length and 
6.6 meters (21.6 ft) in diameter. The basic airframe consists of the 
aft interstage, thrust structure, aft skirt, propellant tanks. and 
forward skirt. The aft interstage assembly provides the load supporting 
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Table B-2. S-II Significant Configuration Changes 

SYSTEM 

Propulsion 

Separation 

Instrumentation 

Structures 

CHANGE 

Replaced flexible hose sections 
in J-2 Augmented Spark Igniter 
(ASI) fuel and LOX lines with 
rigid, tubular lines. 

LH2 tank vent valves replaced 
by dual-setting vent valves. 

Propellant Utilization (PU) 
system to be operated "open 
1000." limed mixture ratio 
shifts hill be commanded by 
the LVOC. 

Ergine and prevalve control 
circuits modified; engine 
electrical power removed 
when an emergency engine 
cutoff cormrand is received 
and prevalvrs are inhibited 
from premature closure until 
thrust chamber pressure 
drops below 90 percent 
level. 

LOX sump baffle deleted 
and sump screen replaced 
with an inverted conical 
screen configuration of 
finer mesh. 

Separation cameras deleted 
frtjm engine compartment. 

Tirrpr ho. 3. which limits 
playback time, for onboard 
data tape recorder 
disconnected. 

LIQ forward bulkhead changed 
to light weight configuration. 

REASON 

Eliminated failure due 
to flow-i.iduced vibrations 
in a vacuum environment. 

Reduce structural pressure 
loads during S-IC and S-II 
boost. 

To minimize the effect on 
vehicle perfooNnce in case 
of a PU malfunction. 

Insure proper response to 
an emergency engine cutoff 
cgrrmand. 

Eliminates potential baffle 
failure and LOX fill 
contamination ~$11 be more 
effectively filtered by thy 
finer mesh modification. 

Separation clearances on 
previous flights were 
adequate. 

Insure that all data recorded 
during S-11 separation. 
engine start, and engine 
cutoff will be played back. 

Ueight saving. 

structure between the S-IVB stage and the S-Ii stage. The thrust 
structure assembly is an inverted truncated cone attached at its large 
end to the aft dome of the LOX tank and at its small end to the engine 
mount. This structure provides support for engine piping, wiring and 
interface panels, ambient helium spheres, and some of the LOX tank and 
engine instrumentation. The aft skirt assembly is the load bearing 
structure between the LH2 tank and aft interstage. The propellant tank 
assembly consists of a cylindrical tank with a hemispherical shaped dome 
at each end. Contained within this assembly is a connron bulkhead which 
separates the LOX and !..H2. 
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The forward skirt assembly extends forward from the intersection of the 
LH2 tank sidewall and the forward dome providing a hard attach point 
for the IU. 

The S-IVB is powered by one J-2 engine similar to those on the S-II stage 
with the exceptions that the nominal thrust is 1,023,092 Newtons (230,000 Tbf) 
at a 5.5 mixture ratio and the S-IVB J-2 engine has a restart capability. 
LOX is supplied to the engine by a 6 inch low pressure duct from the LOX 
tank. LH2 is supplied by a vacuum jacketed low pressure 10 inch duct 
emanating from the LH2 tank. Prior to liftoff LH2 tank pressurization is 
provided by ground supplied helium. After S-IVB engine start, for both 
first and second burns, GH2 for LH2 tank pressurization is bled from the 
thrust chamber hydrogen injector manifold. During orbital coast (parking 
orbit), LOX and LH2 tank repressurization GHe storage spheres, attached 
to the thrust structure, and/or the 02/H2 burner using a cold helium sup- 
ply are used to supply engine restart pressure requirements for second 
burn. This dual repressurization mode was first incorporated on the AS-503 
flight. Prior to launch LOX tank pressurization is also accomplished by 
a ground helium supply. During first and second burns GHe from storage 
spheres, located in the LH2 tank, is warmed by a heat exchanger to sup- 
ply tank pressurization. 

Pitch and yaw control of the S-IVB is accomplished during powered Flight 
by gimbaling the J-2 engine and roll control is provided by operating 
the Auxiliary Propulsion System (APS). 

The APS provides three axis stage attitude control and main stage 
propellant control during coast flight. The ullage engines are 
necessary for the propellant seating which is required for engine 
restart. The APS modules are located on opposite sides of the S-IVB 
aft skirt at positions I and III. Each module contains its own oxidizer 
system, fuel system, and pressurization system. Nitrogen Tetroxide 
(N2O4) is used as the oxidizer and Monomethyl Hydrazine !MW) is the 
fuel for these engines. 

Additional systems on the S-IVB are: 

a. The hydraulic system which gimbals the J-2 engine. 

b. Electricai system which supplies and distributes power to the 
various electrical components. 

C. Thermoconditioning system which thermally conditions the electrical/ 
electronic modules in the forward skirt area. 

d. Data acqu,sition and telemetry system'which acquires and transmits 
data for stage evaluation. 

e. A set of ordnance systems used for rocket ignition, stage separation, 
ullage motor jettison and range safety. 
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The more significant configuration changes between AS-502 S-IVB and 
AS-503 S-IV8 are shown in Table B-3. 

Table B-3. S-IVB Significant Configuration Changes 

SYSTEM 

Propulsion 

CHANGE 

Dual repressurization system using: 
a. Cryogenic mode for repressurization 

of both the LOX and LH2 tank using 
the 02/l-Q burner and cold heliu. 

b. Ambient mode for repressurization 
using the abient repress bottle. 

J-2 engine ASI line asscclblies redesigned 
and replaced with rigid tubing. 

Cold helium system conoseals changed to 
7075 aluninum/teflon. 

Ltlt and LOX repressurization bottles and 
engine control bottle am manifolded 
together with check valves to limit the 
flow path. 

PU system to be operated 'open loop". 

Addition of LOI tank nonpmpulsive vent 
sys fem. 

REmN 

PmvSdc repressurization system 
redundancy and checkout of cryogenic 
mode. 

Reduce the probability of failures 
due to flow fnduced vibration in a 
vacua l nvimrrrnt. 

Prevent S-Ml cold htliu leakage. 

Assure adcquatr pmssuring gas to the 
LH2 tank to satisfy WPSP rqulrwents 
fcr second bum, and to provide addi- 
tional pnewatic pwer to the engine 
valves for orbital safdng. 

To minimize the effect of any PU 
nalfunction. 

Iapmved rttitu3e control duriq 
coast mde. 

8.5 Instrument Unit (IU) 

B.5.1 IU Configuration 

The IU, as shown in Figure B-5, is basically a short cylinder fabricated 
from an aluminum alloy honeycomb sandwich material. The IU has a 
diameter of 6.6 meters (21.6 ft) and a length of 0.9 meter (3 ft). The 
cylinder is manufactured in three 120 degree segments which are joined by 
splice plates into an integral load bearing unit. The top and bottom 
edges of the cylinder are made from extruded alkasinun channels bonded to 
the honeycomb sandwich material. Cold plates are attached to the interior 
of the cylinder which serve both as mounting structure and thermal 
conditioning units for the electrical/electronic equipment. 

Other systems included in the IU are: 

a. The Environmental Control System (KS) which maintains an acceptable 
environment for the IU equipment. 

b. The electrical system which supplies and distributes electrical power 
to the various systems. 
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C. The EDS which senses onboard emergency situations. 

d. The navigation, guidance, and control system. 

e. The measurements and telemetry system which monitors and transmits 
signals to ground monitoring stations. 

f. The flight program which controls the LVDC from seconds before liftoff 
until the end of the launch vehicle mission. 

The more significant configuration changes between AS-502 IU and AS-503 
IU are shown in Table B-4. 

Table B-4. IU Significant Configuration Changes 

SYSTEM 

Fl tght Proqram 

Flight Control 
Subsystem 

Electrical 
Sys terns 

Tracking 

Electrical 
Sys tern 

-___ 

CHANGf 

Variable targeting CalCuldtiOnS 
in boost initialization added. 

Propellant Utilization system 
~111 be operated "open loop”. 

Incorporated spacecraft conmmnds 
for S-IV9 early staging and S-IV8 
cutoff. 

Trinslunar injection burn can be 
inhibited by spacecraft command. 

Logic incorporated to provide two 
restart opportunities. 

Capability for a second S-IVB 
burn without the spacecraft 
included. 

All simplex computer optrations 
were deleted. 

A redundant indication of 
guidance failure was added. 

Acquisition and loss of telemetry 
stations will be done on navigation 
calculations. 

Flight Control Computer modified to 
cant S-IC outboard engines 2 
degrees outward from liftoff plus 
20 seconds to OECO. 

Filters added to the flignt control 
computer attitude rate spatial 
channels. 

Addition of circuitry in the crJS 
distributor. 

Arusa System deleted. 

Several wiring changes to the EDS 
distributor. 

~- 
MASON 

To reduce the probabtlfty of 
structural damage resulting 
from outboard engine malfunc- 
tions durfnq S-It burn phase. 

To filter vehicle shell vibratlon 
nodes resulting in reduced 
attitude error sensitivity. 

Provide two out of three voting 
logic to eliminate S-IC stage 
engine fa*lure due to relay 
contact fai!ure. 

No longer required. 

Added reliability for manned flight. 
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6.6 SPACECRAFT 

8.6.1 Spacecraft Configuratlon 

The Apollo 8 spacecraft and launch vehicle adapter, as shown in Figure B-6, 
includes a Launch Escape System (LES), a Comnand Module (CM), a Service 
Module (SM), a Spacecraft Lunar Module Adapter (SLA), and a lunar Module 
Test Article (LTA). From the bottom of the SLA to the top of the LES, the 
spacecraft measures approximately 24.9 meters (81.8 ft). 

The LES is the forward most part of the Saturn V Apollo space vehicle. 
Basic corfiguration of the LES consists of an integral nose cone Q-ball, 
three rocket motors, a canard assembly, a structural skirt, a titanlum- 
tube tower, and a boost protective cover. The purpose of the three 
rocket motors is tower jettison, escape, and pitch control. The LES IS 
jettisoned shortly after S-II stage ignition in a normal fllght. 

The CM is designed to accommodate the three astronauts, The CM Is a 
conically shaped structure consisting of an Inner pressure vessel (crew 
compartment) and art outer heat shield. The CM Is approximately 3.39 
meters (11.:5 ft) long. Aluminun honeycomb panels and alunlnun longerons 
are used to form the pressure tight crew compartment. Stainless steel 
honeycomb covered with an ablative materlal is used to construct the 
outer heat shield. The unified side hatch is hlqged to the vehicle and 
provldes quick opening and improved egress/ingress capabllltles. 

The SM Is a cylindrical alumlnum honeycomb shell with fore and aft 
aluminun honeycomb bulkheads. SIX aluminum radial beams dlvide the SM 
into sectors. These beams have a triangular truss between the CM and SM 
with pads at the apex to support the CM. The SM also houses the Service 
Propulsion System (SPS) which Includes an engine and propellant tanks. 

The SLA is a slmple truncated cone measuring approximately 8.5 meters 
(28.0 ft) long and having forward and aft diameters of 3.9 meters (12.83 
ft) and 6.6 meters (21.6 ft), respectively. There are four attachment 
points in the aft section of the SLA for the LTA. The SLA Is constructed 
in two sets of four panels, the panels being made from alunlnum honeycomb 
At CSM/S-IVB separatlon the forward sectlon panels are jettisoned by a 
mild detonating explosive train. 

The Lunar Test Article (LTA-B) simulated the mass of the lunar module as 
stowed In the adapter. This LTA weighed 9026 kllograms (19,900 lbm) and 
was Instrumented about al 1 axes for boost loads. 
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